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ABSTRACT

Childhood ADHD, Impulsivity, and Alcohol-Related Impairment Among Diverse College
Students
by
Mariely Hernandez
Advisor: Sarah O’Neill, PhD

We examined (1) if students with high childhood ADHD symptoms, and at high risk for
alcohol use disorder (AUD) reported greater alcohol-related impairment (ARI) than their low
childhood ADHD peers who had comparable rates of alcohol use; and (2) whether alcoholrelated problems were more severe for those with high childhood ADHD and high AUD risk
when their trait impulsivity was high.
Eighteen-to 25-year-old (N=81), racially/ethnically diverse, college students completed a
two-part study. An online survey assessed childhood ADHD symptoms (Wender Utah Rating
Scale) and past-year alcohol use (Alcohol Use Disorders Identification Test). Laboratory
assessment comprised neuropsychological and self-report measures of impulsivity, diagnostic
interview (MINI), and time-line follow-back interview detailing alcohol use. Participants were
categorized into four risk groups: Low ADHD/Low AUD; High ADHD/Low AUD; Low
ADHD/High AUD; and High ADHD/High AUD. Group differences in alcohol use and
impulsivity were tested using the Kruskal-Wallis H test and one-way ANOVA, respectively.
Moderation analyses were conducted using Hayes (2018) PROCESS.
Results showed that high AUD risk groups engaged in greater alcohol use than the Low
AUD risk groups. Compared to the Low ADHD/High AUD group, the High ADHD/High AUD
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group did not consume alcohol in greater quantities or more frequently, but their use was more
hazardous and there was trend for them to experience more severe past-year ARI. The High
ADHD risk groups were more impulsive than the Low ADHD risk groups by most self-report
measures, but not objective measures. Higher Positive Urgency, but not Negative Urgency, was
associated with greater ARI severity across risk groups. No Group by impulsivity interactions
were obtained.
For at-risk college drinkers, higher trait impulsivity may exacerbate alcohol-related
impairment. Broad-based interventions on college campuses, including psychoeducation and
harm reduction strategies, may be useful to reduce the likelihood and severity of negative
outcomes subsequent to alcohol consumption.
Keywords: Attention-Deficit/Hyperactivity Disorder; Alcohol; Alcohol-Related
Impairment; Impulsivity; College Students.
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Chapter I: Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a highly impairing
neurodevelopmental disorder characterized by inattention, hyperactivity, and impulsivity
(American Psychological Association, 2013). Often diagnosed in childhood, symptoms can
persist into adulthood for up to 65% of individuals (Faraone et al., 2006). In the United States,
2.5-4.1% of adults meet criteria for ADHD (Kessler et al., 2006; Simon et al., 2009); for over
40% of these individuals, the disorder presents as “severe” (Kessler et al., 2006). Even among
adults who had ADHD as children, but no longer meet criteria for the disorder, high levels of
impairment are common (Faraone et al., 2006). The comorbidity between ADHD and
problematic alcohol use is of particular concern. For individuals with ADHD, alcohol is one of
the two most commonly used substances (Wilens et al., 2011) and it is well established that
childhood ADHD confers increased risk for an alcohol use disorder (AUD) in adulthood
(Charach et al., 2011; Lee et al., 2011; Manuzza & Klein, 2000; Molina & Pelham, 2014; Nigg,
2013).
College is an especially vulnerable period for young adults because of the prevalence of
high-risk drinking behaviors (Johnston et al., 2009). Full-time college students between aged 1822 years report higher rates of binge drinking and greater overall alcohol use than adolescents
and older adults (Johnston et al., 2009; National Survey on Drug Use and Health, 2015). Adverse
effects of heavy drinking in the college population include poorer academic outcomes, sexual
assault, and potentially fatal injuries following accidents (Hingson et al., 2009). Each year,
approximately 20% of college students meet criteria for an AUD (Blanco et al., 2008).
Few studies have investigated alcohol use and its related outcomes among college
students with ADHD. Rooney and colleagues (2012) found greater alcohol-related impairment
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(ARI) (e.g., arguments with a partner, physical injuries) and vulnerability to alcohol dependence
among college students with ADHD compared to those without ADHD, despite comparable rates
and quantity of alcohol use. They proposed that deficits in self-regulation in college students
with ADHD were significant contributors to ARI. Subsequent analyses showed that, in
particular, trait disinhibition and the inability to stop drinking once started, emerged as mediators
of negative outcomes following alcohol use in this cross-sectional study (Rooney et al., 2015).
Findings from other studies suggest that positive expectations regarding alcohol consumption
also contribute to ARIs among individuals with ADHD (Dattilo et al., 2013; Elmore et al., 2018).
Dattilo et al. (2013) posited that college students with ADHD anticipate that alcohol use will
gain them social acceptance and that this salient immediate reward overshadows any delayed
negative consequences resulting from alcohol use.
These studies have been limited, however, by almost exclusively relying on self-reported
data collection methods and largely homogeneous white samples. In light of these issues, the
present study has the following aims:
1. To explore whether college students with high childhood ADHD symptomatology
experience greater ARI than their peers who report comparable rates of alcohol
consumption but low childhood ADHD symptoms. To our knowledge, this is the first
study to investigate ARI among college students with elevated hyperactivity/inattention
in a large, racially and ethnically diverse college sample. Participants with high and low
ADHD symptoms and at high and low risk for an AUD will self-report their patterns of
alcohol use and consequences of drinking. We expect that individuals who report more
ADHD symptoms and are at high risk for an AUD will report greater ARI compared to
their peers.
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2. To test whether impulsivity moderates the relation between ADHD symptomatology and
ARI in college students. We will explore differences in impulsivity via a multi-method
approach using neuropsychological and self-report measures of inhibitory control, delay
of gratification, and impulsive personality traits. Greater impulsivity is associated with
ADHD, AUD, and ARI. Therefore, we anticipate that individuals with both high
childhood ADHD symptoms and high AUD risk would report greater ARI than their
lower risk peers, especially in the context of high levels of impulsivity.
CCNY boasts a racially and ethnically diverse student body, a population which is
grossly underrepresented in ADHD research. Support for our hypotheses will help to determine
whether this population are at an increased risk for ARI. This study will also capture individuals
with symptoms of ADHD that do not meet full diagnostic criteria for the disorder, but who do
experience impairment in multiple domains of functioning. These untreated individuals with
subthreshold but impairing ADHD symptoms represent an overlooked group of college students
who are at risk for alcohol and substance use problems. Understanding the relations among
ADHD symptoms, ARI and what factors underlie this vulnerability are important for tailoring
psychoeducation, prevention and treatment programs for at-risk young adults.
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Chapter II: Literature Review
ADHD Diagnostic Criteria and Phenomenology
ADHD is a neurodevelopmental disorder, which presents as impairing symptoms of
inattention and/or hyperactivity and impulsivity (APA, 2013). According to the Diagnostic and
Statistical Manual of Disorders – 5th edition (DSM-5), children and adolescents under 17 years
of age must exhibit at least 6 of 9 symptoms of inattention, and/or 6 of 9 symptoms of
hyperactivity/impulsivity for at least 6 months. These symptoms must be inconsistent/unusual for
the child’s stage of development and have a negative impact on social, academic and vocational
activities (APA, 2013). For individuals 17 or older, only 5 symptoms in one or both domains are
required, but several symptoms must have been present before the age of 12. As is the case for
children, symptoms must cause impairment in multiple domains of functioning (APA, 2013).
The symptoms of inattention include: making careless mistakes, difficulty sustaining
attention on tasks, not listening when spoken to, difficulty following instructions and/or
completing tasks, struggles to organize tasks and activities, dislikes or avoids tasks which require
sustained focus or mental effort (such as reading or writing), often loses things, is easily
distracted, and is often forgetful regarding daily activities (appointments, assignment due dates,
etc.). Symptoms of hyperactivity/impulsivity include: fidgeting with hands or feet, difficulty
remaining seated when expected to, often running or climbing in inappropriate situations
(physical restlessness in older adolescents/adults), difficulty playing quietly, often “on the go” or
in a hurry, talking excessively, blurting out answers, difficulty waiting one’s turn, and often
interrupting/intruding on others.
These symptoms can manifest differently in childhood and later adolescence/adulthood.
It is important to keep in mind the developmental stage of the individual and what cognitive
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resources are expected at that age. Additionally, behaviors must be distinguished from
intentional defiance or the inability to comprehend instructions. In children, symptoms of
inattention can present as careless errors in schoolwork or exams, such as not writing one’s name
on the assignment, rushing through a task without reading the instructions, mis-reading signs on
math problems, and even losing or misplacing assignments altogether. Children may be looking
directly at the instructor but not listening to the lesson, as their minds are wandering. These
children may also be forgetful in recalling when assignments are due and when they will have an
exam. They may misplace their belongings, leaving jackets and bags on buses or at other places
and having no recollection of it. Often children with ADHD can remain focused on a leisure
activity of their liking (watching videos, gaming, or even reading), yet struggle to complete
academic assignments which require sustained mental effort such as writing or reading critically
for academic purposes. They may avoid these tasks, which often take them longer, or leave them
for last.
For adults, the inattention symptoms look similar, but can be more impairing. For
example, forgetfulness may mean they leave something on the stove and forget about it, leave
appliances on and leave the house, lose keys, ID cards, or wallets, forget to pick up laundry or
put it in the dryer, forget to close cabinets and/or bottles, and may drive recklessly due to
inattention and distractibility on the road. Someone who has difficulty organizing tasks and
activities may struggle to manage their time, taking on too many responsibilities at once, or
struggling to make social plans in advance. They may often run late to engagements due to
distraction and lack of planning. Students may forget to write down exam or paper due dates, and
have difficulty following lectures in class.
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Hyperactivity/impulsivity in children is perhaps more easily identified than in older
adolescents and adults. A hyperactive/impulsive child often takes the opportunity to run instead
of walk, is often the loudest voice you hear in their group of friends, talks a lot and interrupts
others, and often prefers to stand instead of sit, or wiggles uncomfortably when sitting is
mandatory (e.g., while eating dinner, during a religious service, or in class).
Hyperactive/impulsive children may have difficulty waiting their turn for the bathroom, a
drink at the water fountain, and during games, which can cause social friction with their peers.
They may reach for others’ items without asking first, and blurt out answers in class without
raising their hands. Identifying hyperactive/impulsive symptoms in older adolescents and adults
who have more agency in their activities can necessitate a bit more probing. For example, an
adult who does not like to wait in line simply will not do it. They may refuse to use public
restrooms and/or avoid activities which require waiting. Individuals who have difficulty
remaining in their seat may leave or skip long lectures or may excuse themselves to use the
restroom in order to stand up and walk. Running or climbing may instead look like frequent
fidgeting with hands or feet (such as tapping one’s foot or clicking a ballpoint pen). A
hyperactive/impulsive adult may begin to respond to a question before someone has finished
asking it, may answer for another person in a conversation and/or intrude in another’s
conversation. While children may find it difficult to stay in one place for long and appear as if
“driven by a motor,” in adults this can look like someone who is always in a hurry and appears
restless wherever they are, as if they are late to another engagement.
ADHD, often first diagnosed in childhood, has an estimated worldwide prevalence of
5.29% in children and adolescents (Polanczyk et al., 2007; Polanczyk et al., 2014), and 9.4% in
the United States (Danielson et al., 2018). Children with ADHD often struggle with behavior
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problems, particularly at school. For example, those with hyperactivity/impulsivity may struggle
to stay in their seat in the classroom, may blurt out answers, distract other children by talking, or
generally require more of the instructor’s energy and attention. Children with predominately
inattentive symptoms may have difficulty staying on task and following multi-step instructions.
They may forget important dates and lose forms and homework assignments. Younger children
who are diagnosed tend to represent more severe cases, and typically have combined type
presentations. These children usually struggle to transition from a less structured pre-school or
kindergarten schedule to a more structured elementary school setting.
While ADHD is typically diagnosed in childhood, symptoms can persist into late
adolescence and adulthood for up to 65% of individuals (Faraone et al., 2005). Furthermore, up
to 90% of those diagnosed in childhood report ADHD-related impairment as adults, despite not
meeting DSM criteria for the full ADHD syndrome (Faraone et al., 2005). As ADHD is a
developmental disorder, the expression of inattention, hyperactivity and impulsivity changes
over time. Physical and neurological development in addition to evolving social and academic
demands play significant roles in how ADHD symptoms manifest across the lifespan. Children
are often supervised and follow relatively structured schedules. The academic demands can be
manageable up until perhaps the third grade (i.e., 8-9 years of age), when students are expected
to read books and write essays, tasks that can be challenging for kids with ADHD who
oftentimes struggle with executive function and distractibility. Adolescents, on the other hand,
have more autonomy, but are undergoing important biological changes in physical and emotional
development and may display behaviors that appear more oppositional as a way to avoid
academic tasks that they find challenging. Although younger children with ADHD do this also,
adolescents are able to skip classes or school altogether, and may consequently fall into a
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“delinquent” social group (Molina et al., 2012). They may stay up later, engage in poor dietary
behaviors, and make impulsive decisions in favor of immediate gratification or thrill seeking,
without considering negative consequences, such as risky sex practices, reckless driving, and
initiating substance and/or alcohol use.
ADHD in adulthood can look less like childhood hyperactivity/impulsivity and more like
careless and irresponsible behavior, such as tardiness, difficulty with deadlines, forgetfulness,
physical restlessness, and/or being a “workaholic,” as in taking on more responsibility than can
be managed due to a combination of struggling with time management skills and novelty-seeking
behaviors.
Compared to individuals without ADHD, those with the disorder are more likely to meet
criteria for substance use disorders, experience employment difficulties, lower educational
attainment, marriage difficulties, receive a citation for traffic violations, be overweight/obese,
and/or be incarcerated (Cortese et al., 2013; Klein et al., 2012; Murphy & Barkley, 1996). Due to
the chronological emergence of ADHD and SUD symptoms, individuals with ADHD are at an
increased risk for developing an alcohol or substance use disorder. This risk, however, is poorly
understood.
Diagnostic criteria for ADHD were modified from the previous DSM-IV-TR to the
current DSM-5 in several ways, but arguably most noteworthy was the age of onset criterion. In
the previous versions, ADHD symptoms must have been present prior to age 7 while the DSM-5
raises the age to 12. Despite this increase in the required age of onset, cases of late-adolescent
and adult-onset ADHD in the absence of childhood symptoms have arisen in the literature,
prompting questions about the validity of these diagnoses and whether adult ADHD can truly be
considered a neurodevelopmental disorder (Caye et al., 2016; Moffit et al., 2015). Adults who
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report ADHD symptoms in adulthood without a childhood diagnosis tended to have fewer
externalizing problems, higher IQ in childhood than those with persistent ADHD, yet show no
differences in co-morbidity and impairment (Agnew-Blais et al., 2016). While these studies may
suggest that there is a growing clinical population of individuals with ADHD symptoms
appearing in late-adolescence and adulthood, in the absence of childhood symptoms, others
propose several alternative explanations for this phenomenon. One possibility is that these cases
are late-identified rather than late-onset, as parental and educational scaffolding and a high IQ
can reduce the negative impact of ADHD symptoms in childhood and delay an ADHD diagnosis
(Olfson et al., 2014). Alternatively, the apparent “emergence” of ADHD symptoms in adulthood
may be better explained by another disorder, as substance use, trauma, depression, bipolar
disorder, and anxiety symptoms can be mistaken for those of ADHD, particularly in the absence
of a detailed psychological history and/or co-informants (Sibley et al., 2018).
Sibley and colleagues (2018) investigated this important diagnostic question by carefully
analyzing longitudinal data from a sample of 239 prospectively followed non-ADHD
comparison group for the Multimodal Treatment Study of ADHD (Sibley et al., 2018).
Participants were followed from childhood (mean age about 10 years) to young adulthood (mean
age: 24 years old), with diagnostic assessments every 2 years, for a total of 8 time points. Parent,
teacher, and self-reports were used to assess ADHD symptoms, degree of impairment, substance
use, and the presence of other mental disorders. After implementing their stepped diagnostic
procedure, 95% of participants who initially screened positive for late-onset ADHD were
excluded from the diagnosis. For approximately half the adolescents, and over 80% of the adult
cases, symptoms were better explained by heavy substance use (Sibley et al., 2018). There were
two late-onset cases with complex psychiatric histories, which could not be conclusively
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excluded. The authors noted that there could be other causes of ADHD-like symptoms in
adulthood, such as trauma, brain injury, or illness (Sibley et al., 2018).
For some of the adolescents who initially screened positive for “late-onset,” several had
childhood ADHD symptoms above the average expected at that age. Notably, for one adolescent
of “borderline to average intelligence,” ADHD symptoms reported by informants as emerging in
adolescence, remitted by age 19. The authors hypothesize that a combination of environmental
(increased academic and social demands) and neurodevelopmental (slower developing prefrontal regions, immature executive functions) factors may result in behaviors perceived as
hyperactive/impulsive symptoms of ADHD (Moffit & Caspi, 2001). More research is needed,
yet it is worth stating that the developmental stage should be considered when ADHD symptoms
are reported in mid-adolescence in the absence of any childhood symptoms. Adolescents
undergo significant physical and neurodevelopmental changes during this period, with frontal
regions maturing less rapidly than other areas, affecting emotional regulation, planning, and
inhibitory control (Bava & Tapert, 2010; Clark et al., 2008; Nigg & Casey, 2005). This stage is
characterized by experimentation (sensation seeking), and impulsive, risk-taking behaviors,
including substance and alcohol use initiation. It can be a challenging time for both adolescents
and caregivers alike, so careful evaluation is needed to accurately identify causes of impairment.
ADHD Etiology
ADHD is a highly heritable, phenotypically diverse neurodevelopmental disorder that
presents with varying rates of chronicity and impairment across the lifespan. Research on
predisposing factors typically fall under familial/genetic vulnerability and environmental risk.
These biological and environmental influences are often explored via comparison studies of
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structural and functional differences in brain regions as well as performance on
neuropsychological measures between ADHD and non-ADHD sample populations.
Environmental Risk
Several pre-and peri-natal risk factors have been associated with ADHD. These include,
but are not limited to: maternal smoking during pregnancy, prenatal environmental tobacco
smoke, maternal gestational diabetes, premature birth, and low birth weight (Braun et al., 2006;
McCormick et al., 1996; Roigé-Castellví et al., 2021). Additionally, post-natal moderators such
as parenting style and financial resources (Huhdanpää et al., 2020; Molina & Pelham, 2014;
Russell et al., 2016), are highly influential of children’s outcomes. However, as these risk factors
are not the focus of the current research study, they are only mentioned here to acknowledge
them as contributors to etiology and course of ADHD.
Genetic Risk
Studies on the heritability of ADHD have resulted in various estimates depending on
research methods used. A meta-analysis of 37 twin studies estimated the average heritability of
ADHD at 74% (Faraone & Larsson, 2019), while a study of Swedish twins and siblings placed
the estimated heritability at 80% (Chen et al., 2017).
Early familial risk studies demonstrated a strong heritability of ADHD, estimating that
those with a first degree relative with ADHD have five-times the risk of developing the disorder
(Biederman et al., 1992). Subsequent studies have observed a clustering of ADHD presentations
in families across generations (Franke et al., 2012; Biederman et al., 1995).
Candidate gene and Genome-Wide Association Studies (GWAS) have not isolated one
single gene responsible for the development of ADHD. Instead, studies suggest a polygenic
inheritance, such that multiple genes are likely contributors to ADHD risk (Faraone & Larsson,
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2019). Driven by neurobiological models of neuropsychological function, candidate gene studies
have focused on genes coding for neurotransmitter receptors, transporters, and proteins involved
in neurodevelopment, comparing these variants in ADHD and non-ADHD samples (Demontis et
al., 2019; Grimm et al., 2018; Volkow et al., 2009). GWAS analyses have not found significant
variants specific to ADHD, as these studies have been limited either by small effect sizes and/or
small samples. Emerging data from genetics studies suggest a dimensional model of attention in
the general population, with ADHD at the extreme end of the continuum, the result of
cumulative polygenic risk scores (Demontis et al., 2019; Grimm et al., 2018). A candidate gene
meta-analysis combining more than 20,000 clinical cases identified 12 genome-wide risk loci for
ADHD, and also found significant genetic correlations between ADHD and depression, smoking,
educational attainment, and obesity-related traits (Demontis et al., 2019). While these studies
show some promise in lending support to existing neurobiological data, additional research is
needed to translate genetic vulnerability to observable phenotypic differences in ADHD.
Neural and Neuropsychological Correlates of ADHD
ADHD is a complex and heterogeneous disorder. Cognitive models of ADHD suggest
deficits in executive functions (e.g., working memory, inhibitory control, planning, sustained
attention), processing speed, and motivation and reward pathways (Arnsten & Rubia, 2012).
Structural and functional imaging studies have sought to elucidate the neural underpinnings of
the cognitive impairment observed in ADHD. Structural imaging studies have identified
differences in total brain volume and between 3 and 5% reduced gray matter among individuals
with ADHD compared to controls (Castellanos et al., 2002; Greven et al., 2015; Valera et al.,
2007). These differences in gray matter volume have been observed in frontal, striatal, parietal,
and cerebellar regions in both children and adults (Cubillo et al., 2012; Valera et al., 2007).
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Voxel-based morphometry techniques, which is a computer-based method of estimating volume
of brain regions from neuroanatomical images, have also found volumetric differences between
ADHD individuals and controls in brain regions associated with attention and executive
functions (such as working memory). Notably, unaffected siblings of the ADHD probands
evidenced intermediate volume reductions in most of the same regions as their ADHD
counterparts, indicating that these structural differences likely reflect a biological vulnerability to
ADHD (Bralten et al., 2015; Duan et al., 2018).
Functional imaging and PET studies have focused on connectivity between brain regions,
both during cognitive activities and while at rest, with some neural models pointing to aberrant
dopaminergic transmission in striatal pathways and underactive engagement from the pre-frontal
cortex relative to sub-cortical and motor pathways (Cubillo et al., 2012; Durston et al., 2002;
Volkow et al., 2002). The prefrontal cortex (PFC) is a primary region of interest not only in
understanding the etiology and phenomenology of ADHD but also in addiction and impulsive
behavioral disorders (such as gambling). The PFC is an advanced cortical structure, with its
different sub-regions heavily involved in the regulation of attention, emotion, motivation, and
other cognitive processes. Some researchers have conceptualized different regions and pathways
originating in the PFC as associated with “cool” or “hot” executive function (EF) processes.
Thus, the dorsolateral prefrontal cortex (DLPFC) and inferior frontal cortex (IFC), regions
associated with planning, attention, inhibitory control, cognitive flexibility, and working
memory, represent the “cool” EF pathways while the ventromedial prefrontal cortex (VMPFC)
and the orbitofrontal cortex (OFC), regions associated with reward-based tasks and motivation,
are termed the “hot” EF pathways (Arnsten & Rubia, 2012; Cubillo et al., 2012).
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Using the theoretical framework of the hot/cool EF systems, the cognitive deficits
observed in ADHD individuals can be conceptualized as inefficient top-down regulation of “hot”
EF functions by the “cool” EF regions associated with inhibitory control, attention and cognitive
flexibility. Alternatively, inattention, lack of planning, and impulsive behavior in ADHD can
also be attributed to impaired connectivity in both top-down and bottom-up regulation, such that
sensation seeking and reward salience localized to the mesoaccumbens region overwhelms an
underdeveloped PFC, resulting in inadequate planning and inhibitory control (Sonuga-Barke,
2003; Sonuga-Barke, 2005).
Importantly, these neural networks involved in the regulation of attention and motivation
are sensitive to synaptic changes in neurotransmitter concentrations, particularly the
catecholamines: dopamine, norepinephrine and epinephrine. These chemical compounds are
essential to the regulation of fronto-striatal and mesolimbic circuits and their synaptic availability
have been targets for both research and pharmacological intervention in ADHD populations,
with differences in dopaminergic activity observed between ADHD and non-ADHD groups
(Volkow et al., 2009), and stimulant medications such as methylphenidate and amphetamines,
act by increasing synaptic concentrations of dopamine and norepinephrine in these regions. Thus,
structural differences between ADHD and non-ADHD groups have been linked to alterations in
functional connectivity between neural networks and cognitive impairment in
neuropsychological tasks.
Neuropsychological assessments are used to estimate an individual’s expected
performance on tasks which require similar cognitive skills as those tested. Due to the
heterogeneity of ADHD presentations, studies of neuropsychological functioning in individuals
with ADHD have inconsistent findings (Nigg et al., 2005). However, in general, cognitive
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deficits observed in children and adolescents with ADHD are typically in domains of attention,
IQ, and executive functions such as working memory, inhibitory control, planning, and vigilance
(Barkley, 1997; Frazier et al., 2004; Willcutt et al., 2005). These findings are consistent with
phenotypically-observed ADHD behaviors related to difficulties with behavior inhibition and
impulsivity, distractibility, forgetfulness, inattention, and poor time management.
In adults with ADHD, cognitive impairment has been observed in similar domains,
including memory, attention, and behavioral inhibition, though simple reaction time performance
was comparable to controls (Hervey et al., 2004). Notably, differences between ADHD and nonADHD controls increased as the complexity of a task—and cognitive demand—increased
(Hervey et al., 2004). Thus, for high functioning individuals and/or those with a superior
intellect, ADHD symptoms may not affect performance until a task adequately challenges
cognitive resources.
AUD Diagnostic Criteria, Prevalence & Developmental Progression
According to the DSM-5, an individual with an Alcohol Use Disorder (AUD) evidences a
pattern of alcohol use that results in clinically significant impairment or distress and presents
with at least two of eleven symptoms within the same one-year period (APA, 2013). The eleven
symptoms are: increased use (or drinking more than planned), inability to cut down or reduce
use, increased time spent on obtaining, using or recovering from alcohol, cravings for alcohol,
failing to meet important academic, occupational or domestic obligations due to drinking
alcohol, continued alcohol use despite experiencing interpersonal problems worsened by the
effects of alcohol, limiting or giving up important social, occupational or recreational activities
due to alcohol use, continued alcohol use in physically dangerous situations, continued use
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despite physical or psychological problems caused or affected by alcohol, increased tolerance to
alcohol and experiencing withdrawal symptoms following cessation of alcohol use.
While previous iterations of the DSM distinguished between Alcohol Abuse and Alcohol
Dependence, the DSM-5 collapses both disorders into the Alcohol Use Disorder umbrella. The
number of presenting symptoms is an indicator of severity of the disorder, such that the presence
of 2-3 symptoms is considered “mild;” moderate AUD is characterized by 4-5 symptoms, and
severe AUD is indicated by the presence of 6 or more symptoms (APA, 2013).
Results from a 2017 nationally representative survey estimated that 13.5 million (or
5.3%) of individuals aged 12 years or older met DSM-5 criteria for an AUD in 2017 (SAMHSA,
2018). Of those aged 12-17 years, an estimated 1.8% of adolescents met criteria for an AUD, and
3.4 million individuals between 18 and 25 years of age, or 10% of young adults, met criteria for
an AUD in 2017 (SAMHSA, 2018). Although these numbers reflect a decrease from 2014 and
2015 reports, alcohol was still the substance with the highest number of new initiates in 2017 (at
approximately 4.9 million new users), followed by marijuana (3 million new users) (SAMHSA,
2018).
In the United States, where alcohol is legal to purchase from 21 years of age, alcohol use
typically begins and escalates in adolescence (12-17 years of age), peaks at young adulthood (1825 years of age), and then generally tends to decline over time (Chassin et al., 2013). In 2017,
over 140 million Americans aged 12 and over reported being current alcohol users (SAMHSA,
2018), with 47.4% of those reporting binge drinking (4 or more drinks on one occasion within
the past 30 days for women, 5 or more drinks for men), and approximately 12% falling into the
“heavy drinking” category (5 or more days of binge drinking in the past month).
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In the 18-25 age group, nearly 37% report binge drinking in the past month and
approximately 10% meet criteria for “heavy drinking” (SAMHSA, 2017). The binge drinking
and heavy drinking prevalence statistics in the college-aged group is an area of concern, as these
alcohol use patterns increase the likelihood of negative consequences related to the effects of
alcohol, such as physical injury, sexual and/or physical assault, and traffic accidents (Hingson et
al., 2009; Hingson et al., 2017). For some individuals, college may represent their peak alcohol
use behaviors before a more limited-to-moderate consumption pattern is established. This agerelated decline is attributed to cognitive maturation as well as the increasing demands of
adulthood (Chassin et al., 2013). Though for others, their college drinking patterns establish a
problematic alcohol use habit resulting in an AUD. Researchers have long sought to elucidate
which factors contribute to problematic alcohol use and an AUD instead of more normative
patterns of alcohol consumption.
Etiology of AUD/Risk Factors
Research on the etiology of AUD has focused on predisposing factors that lead to the
initiation, escalation of alcohol use and progression to a chronic pattern of heavy and impairing
alcohol consumption. These factors include a family history of problematic alcohol use or an
AUD (Bucholz et al., 2000; Hussong et al., 2008), male sex (Keyes et al., 2010), early onset of
alcohol use (Behrendt et al., 2009; Dawson, 2000), and childhood maltreatment and/or other
traumatic events, as well as high levels of stress in adolescence (Clark et al., 1997; Dube et al.,
2006). Although earlier initiation of any psychoactive substance use is believed to increase risk
for a later SUD, twin studies have shown that early initiation of alcohol use and the risk of a later
AUD is due largely to genetic risk factors related to early age of initiation (Prescott & Kendler,
1999; 2001; Ystrom et al., 2014). Finally, delinquent behavior was also shown to confer risk of

17

progression from alcohol use to an AUD in twin studies (Kendler et al., 2003; Krueger et al.,
2002) and longitudinal studies (Buu et al., 2012; Hussong et al., 2008; Mayzer et al., 2009).
Pubertal timing has also been shown to confer risk of later alcohol use such that girls with
earlier pubertal onset were at an increased risk for alcohol use (Dick et al., 2000; Stattin &
Magnusson, 1990) and for an AUD (Costello et al., 2007). For boys, the findings on pubertal
timing vary, with increased alcohol use in those with both early (Costello et al., 2007) and late
(Graber et al., 2004) pubertal onset. Although differences in rates of alcohol use between the two
pubertal groups tended to phase out by late adolescence/early adulthood (Dick et al., 2000;
Graber et al., 2004), early maturing boys evidenced continued escalation of alcohol use in their
later teen years (Kaltiala-Heino et al., 2011) and greater risk of AUDs as emerging adults
(Graber et al., 2004).
In college students, drinking is often influenced by a number of factors, including
perceived social pressures, and alcohol expectancies, which are beliefs individuals hold about the
anticipated effects (both positive and negative) of alcohol consumption (Jones et al., 2001).
Positive alcohol expectancies refer to anticipated feelings of increased sociability, liveliness, and
desirability once intoxicated, whereas negative alcohol expectancies would include reduced
cognitive function and coordination, and adverse health effects. Positive alcohol expectancies
have been associated with greater alcohol consumption (Dunn & Goldman, 1998; Walther et al.,
2019) and negative expectancies with small reductions in use (Walther et al., 2019), although
these findings were not the case in a recent study of a longitudinal sample of ADHD youth
(Walther et al., 2019), warranting further study.
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Neural and Neuropsychological Correlates of AUD
While there are genetic and environmental factors associated with progression to an AUD
and documented cognitive impairment in AUD populations (Arienzo et al., 2019; Clark et al.,
2008), research on neurodevelopmental vulnerability to an AUD is challenging due to the
complexity of contributing factors. Normative developmental changes in the brain during
adolescence make it a vulnerable period for initiating alcohol and substance use, and it is often
the time when such use is initiated. The prefrontal cortex and mesolimbic reward systems
undergo significant maturational changes in cognitive and emotion regulation during
adolescence, with the PFC lagging behind the limbic regions (Bava & Tapert, 2010; Chassin et
al., 2013; Clark et al., 2008; Nigg & Casey, 2005). These changes are hypothesized to mediate
the increased impulsivity and risk-taking behaviors observed in adolescents. Furthermore,
adolescent brains are more sensitive to the neurotoxic effects of alcohol, resulting in lasting
alterations in cognition, negative affect, and impulsivity (Bava & Tapert, 2010), as well as
reduced hippocampal volume with prolonged heavy drinking (Zeigler et al., 2005).
Studies of neuropsychological function in adults with AUD have consistently
documented deficits in memory and learning, visuospatial function, verbal and nonverbal
performance, and problem solving (Beatty et al., 1996; Parsons, 1998; Zeigler et al., 2005).
Some of these deficits are short-term, following an episode of heavy drinking and withdrawal
(hangover), though problems with memory and learning may persist with long-term heavy
drinking, even after a prolonged period of sobriety (Zeigler et al., 2005).
Other studies have explored whether different facets of impulsivity predict heavy
drinking in young adults. One study on college students found that impulsivity and sensation
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seeking predicted increases in heavy drinking, but also that heavy drinking predicted increased
impulsivity and sensation seeking (Quinn et al., 2011).
Thus, establishing whether specific cognitive and temperament features confer greater
risk for alcohol and/or substance use or whether these features are related to alcohol and
substance use, remains somewhat elusive.
Comorbidity: ADHD and Alcohol Use Disorder
Several meta-analyses have linked childhood ADHD to problematic alcohol and other
substance use by young adulthood (Charach et al., 2011; Lee et al., 2011). Charach et al.
conducted a meta-analysis of 13 studies of prospectively followed children with ADHD,
reporting that children with ADHD had an increased risk of developing an AUD (OR = 1.35,
95% confidence interval = 1.11-1.64), nicotine use, and nonalcohol substance use disorder than
their non-ADHD peers (Charach et al., 2011). However, another meta-analysis of 27 longitudinal
studies reported that childhood ADHD presented an elevated risk for substance use, with large
effect sizes despite different diagnostic methods across studies, but not for alcohol use initiation
(Lee et al., 2011). Lee et al. (2011) noted one of the limitations of the meta-analysis was that
they did not look at effects of inattention versus hyperactive/impulsivity traits on the risk of later
alcohol or substance use. More recent studies exploring this question have had some inconsistent
results. Mesman (2015) collected self-report survey data on 192 college students and found that
inattention and not hyperactive/impulsive symptoms were predictive of alcohol-related problems,
after controlling for antisocial behavior. Alternatively, Daurio and colleagues (2017) analyzed
data from 749 participants and found that individuals with ADHD symptoms of
hyperactivity/restlessness had increased odds of having a diagnosis of alcohol dependence, with
impulsivity mediating the relationship between adult ADHD symptoms and the severity of the
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alcohol use disorder (Daurio et al., 2017). Methodological differences may help to explain
differences in findings. Mesman et al. (2015) relied on self-report survey data whereas Daurio et
al. (2017) used a structured clinical interview in addition to self-report data. These
methodological differences are important to note, as college students may endorse ADHD
symptoms when they are better attributed to another psychiatric disorder, such as anxiety or
mood disorder.
The Pittsburgh ADHD Longitudinal Study (PALS) twice failed to show a direct
trajectory from childhood ADHD to heavy drinking at ages 17 and 20 years (Molina et al 2012;
Molina et al 2015), though there was a pathway from ADHD to heavy alcohol use that was
mediated by delinquency, social impairment, persistence of ADHD symptoms, and low GPA.
Living away from home was also associated with greater alcohol use at age 20 in this sample.
These findings highlight the heterogeneity of ADHD and the importance of environmental
context in affecting outcomes. There is a need for additional research to better characterize the
risks of AUD in the ADHD population.
In the US in general, college represents a time when alcohol consumption patterns are
often at their peak (Johnston et al., 2009). Young adults in college report high rates of binge
drinking (defined by the NIAAA as 5 drinks in 2 hours), heavy drinking (at least 5 days of binge
drinking a month) (Johnston et al., 2009), and negative personal, social, and physical
consequences as a result of alcohol use (Hingson et al., 2009). Several studies suggest that
alcohol expectancies are a significant contributor to maladaptive drinking patterns and ARIs in
more than one context (Dattilo et al., 2013; Lau-Barraco et al., 2012; Pabst et al., 2014).
In college students with ADHD, alcohol expectancies (specifically positive expectancies)
have been explored as a possible mediator of ARIs, with some mixed results. Alcohol
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expectancies develop even before someone has had their first alcoholic drink (Squeglia et al.,
2016), and in individuals with ADHD, the extent to which alcohol expectancies influence
outcomes may depend on the severity of ADHD symptoms, whether one is predominately
hyperactive or inattentive type, and/or degree of impulsivity. When controlling for antisocial
behavior, a study on 192 college students at a Midwestern university found that symptoms of
inattention, but not hyperactivity, were associated with alcohol-related problems (Mesman et al.,
2015). In another sample of 889 college students, Dattilo et al. (2013) found that only students
with greater ADHD severity and greater positive expectancies of alcohol resulted in greater
ARIs. Baker et al.’s (2012) sample of 184 college students found an effect by subtype, such that
students with the Predominantly Inattentive subtype of ADHD did not report having difficulty
ending a drinking session once they started, whereas those with Combined type did.
Additionally, students with Combined type also reported more arrests related to driving under the
influence of alcohol, which the inattentive type students did not.
Rooney et al. (2015) followed up their 2012 study that showed college students with
ADHD had more ARIs despite comparable quantity of alcohol consumption than their nonADHD peers, with a closer look at trait impulsivity/disinhibition as a potential mediator between
ADHD and alcohol-related impairment. Supporting these findings, Egan et al., (2017) analyzed
survey data from 197 undergraduate students, 24 of whom reported an ADHD diagnostic history.
Overall, the construct of impulsivity explained the relation between an ADHD diagnosis and
illicit drug and alcohol use. Additionally, different facets of impulsivity explained the association
between ADHD and specific substance use/abuse such that negative urgency was associated with
alcohol, cannabis and tobacco use whereas lack of premeditation was associated with stimulant
misuse (Egan et al., 2017). These studies are limited by relying almost exclusively on self-report
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measures to determine ADHD diagnosis (with the exception of a few studies that used parental
report and diagnostic interview), alcohol consumption, alcohol expectancies, and motivations for
alcohol use as well as impulsivity.
Given the high incidence of alcohol and other drug disorders (AOD) within the ADHD
population (Groenman et al., 2013) and the high rates of childhood ADHD symptoms
retrospectively reported in individuals with substance use disorders (SUD) (Chan et al., 2008;
van Emmerik-van Oortmersen 2012), it has been suggested that these two disorders share
common cognitive features, specifically that of impulsivity. Expanded cognitive models of
ADHD and SUD implicate underdeveloped connections between subcortical motivational
systems and cortical regions (Sonuga-Barke et al., 2003), which take into account addictive
behaviors found in both disorders. Hypotheses of underdeveloped fronto-striatal neural systems
in ADHD youth in comparison to typically developing controls can help explain emotional
dysregulation and conduct problems often seen in ADHD youth, as well as why many
individuals with childhood ADHD “grow out” of the disorder. However, this dual process model
of delayed neurodevelopment/connectivity in prefrontal cortical structures crucial to behavioral
inhibition and decision-making (Berger et al., 2013), is particularly relevant during adolescence.
This developmental period is a time of emotional lability and increased risk taking (Chambers et
al., 2003; Galvan et al., 2006; Smith et al., 2013), as well as when there is great risk for alcohol
and drug use initiation and establishment of use patterns that disrupt normal cognitive
development.
Studies examining this comorbidity have identified impulsivity and risk-seeking
behaviors, in addition to expectancies, as drivers of alcohol and drug misuse as well as primary
targets for exploring potentially impaired cognitive processes. Impulsivity is defined as quick
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reactions in response to internal and/or external stimuli, without thought or planning (Ortal et al.,
2015). These reactions can be driven by deficits in inhibitory control processes, poor decision
making due to inadequate assessment of risk and overestimation of reward, and/or sensation
seeking. Similar deficits in these cognitive domains have been observed, with mixed results, in
both SUD and ADHD populations as measured by performance on delayed discounting, Iowa
Gambling, and Wisconsin Card sort tasks (Barkley et al., 2001; Kirby et al., 1999; Malloy-Diniz
et al., 2007). Studies on alcohol use and individuals with ADHD suggest that positive urgency
(Coskunkpinar et al., 2013; Dattilo et al., 2013; Elmore et al., 2018; Pedersen et al., 2016),
negative urgency (Coskunkpinar et al., 2013; Egan et al., 2017) and deficits in inhibitory control
(Egan et al., 2017; Nigg et al., 2006; Rooney et al., 2015) are drivers of alcohol and substance
use in this population.
The current study aims to address the methodological concerns of previous studies, and
explore some of these research questions in a racially and ethnically diverse sample of
undergraduate students at a public urban university. Full-time students (N=862), aged 18-25
years, completed an online survey consisting of questions about their demographic backgrounds,
adult ADHD symptoms, childhood ADHD symptoms, executive function, impulsivity, alcohol
and drug use, and beliefs about alcohol use on campus. Based on responses to the Part One
survey, a subset (N=81) was selected to participate in the lab portion of the study. This entailed a
comprehensive assessment comprising: computerized tasks measuring inhibitory control and
preference for immediate rewards; an additional online survey asking participants about their
negative alcohol-related experiences, trait impulsivity, and ability to delay gratification; a
diagnostic interview; and administration of a timeline follow-back calendar to assess quantity
and rate of alcohol consumed in the thirty days prior to the lab visit.
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This research study has the following aims and hypotheses:
1. To explore whether college students who report high childhood ADHD
symptomatology experience greater ARI than their peers who report comparable rates of alcohol
consumption but low childhood ADHD symptoms. Published studies of alcohol and substance use
in college students with and without ADHD have been in mostly white samples of undergraduate
students. To our knowledge, this is the first study to investigate alcohol-related impairment
(ARI) in a large, racially and ethnically diverse sample of undergraduate students. Participants
with high/low childhood ADHD symptoms and at high/ low risk for an AUD self-reported their
patterns of alcohol use and adverse consequences of drinking. Similar to prior research, we
expect that those with elevated childhood ADHD symptoms and a high risk for an AUD will
report greater ARI compared to their peers with similar AUD risk, but low self-reported
childhood ADHD symptoms.
2. To test whether impulsivity moderates the relation between ADHD symptomatology
and ARI in college students. We anticipate that students with high childhood ADHD
symptomatology and high AUD risk will report greater ARI than their lower risk peers,
especially at high levels of trait impulsivity. To test this hypothesis, we will explore differences
in impulsivity via a multi-method approach using neuropsychological and self-report measures
of impulsive personality traits, inhibitory control, and delay of gratification.
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Chapter III: Method
Participants
Students from a large, public, northeastern 4-year college were recruited into this 2-part
study. Part One was an online survey that screened individuals to Part Two, a comprehensive
laboratory-based assessment.
Participants were recruited using the Psychology Department’s experiment participation
management system, which gives students credit for participating in research studies. In addition,
fliers were posted around campus, specifically in dining halls, dormitories, AccessAbility, the
student disability services office, and other common areas. Student Life coordinators were asked
to share recruitment information with student email distribution lists. Faculty members who
teach courses throughout the College were asked if they were willing to list the study as one
option for extra credit.
In order to complete the Part One survey, participants had to be: 18-25 years of age,
English speaking, and a full-time undergraduate student at the institution where the study was
carried out, with no history of traumatic brain injury, psychosis, current post-traumatic stress
disorder (PTSD), bipolar disorder, or schizophrenia. Student age was restricted to the 18-25-year
range to capture as many full-time students at the peak of college-age alcohol consumption.
Individuals who may have had an organic neurological impairment due to a TBI or concussion
were excluded in addition to those who have been diagnosed with a bipolar spectrum disorder,
PTSD, or a psychotic disorder, such as schizophrenia. Bipolar disorder is highly comorbid with
ADHD and shares features of cognitive impairment (Marangoni et al., 2015), which would make
it difficult to interpret our findings for this study. Similarly, symptoms of PTSD can look like
ADHD (Kaplow, Hall, Koenen, Dodge & Amaya-Jackson, 2008). Individuals with schizophrenia
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experience cognitive deficits in many domains (MacKenzie et al., 2018) that overlap with
ADHD; even when individuals are treated with atypical antipsychotics, improvement in
cognitive functioning is small (Keefe et al., 2007) and may not be clinically meaningful
(Heinrichs, 2007). Participants who endorse current drug use were not excluded from
participation, but were asked to withhold use during the lab visit, if invited to participate.
Participants who indicated they had a history of psychosis, bipolar affective disorder, current
PTSD, or a history of traumatic brain injury (TBI) were exited from the online survey and
thanked for their time.
Of the 862 who completed the online survey, 162 were excluded from the study: 52 were
outside the 18-25-year age range; 5 were not fluent in English; 31 were not full-time students; 41
were excluded due to medication/diagnoses, and 19 were excluded due to a history of TBI.
Twelve participants did not finish the Part One survey and were also excluded from Part Two,
due to insufficient information to classify them into the Part Two groups. Two participants were
excluded, one because they completed the survey twice, and another because they were not an
undergraduate student.
Individuals were invited for a more extensive lab assessment based on responses to
questionnaires about the presence of ADHD symptoms in childhood (Wender-Utah Rating Scale,
WURS; Ward et al., 1993) and alcohol use (Alcohol Use Disorders Identification Test, AUDIT;
Saunders et al., 1993). Participants who scored ≥36 on the WURS were classified as High
ADHD (Ward et al., 1993), while those scoring <36 were in the Low ADHD group. Participants
who scored ≥6 comprised the high-risk alcohol use group (High Alcohol) and those who scored
<6 were classified as the low-risk alcohol group (Low Alcohol) (Kokotailo et al., 2004). Of the
eligible Part one participants, 329 were invited to participate in additional assessments in the lab.
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Of those contacted for Part Two, 31 declined to participate, and 214 were lost to follow-up.
Eighty-four participants completed the Part Two lab visit. However, three were excluded
following the diagnostic interview due to a bipolar disorder diagnosis, a traumatic brain injury,
and psychosis.
Participants were preliminarily categorized into four groups based on their responses to
ADHD and alcohol screening measures (see “Data Analysis” section for more details).
Following completion of the Part Two lab visit, 11 participants were re-categorized after
carefully integrating information collected from the Part Two evaluation with Part One survey
responses (Piacentini et al., 1992) to determine ADHD and AUD risk groups. Thus, the final
groupings are in Table 1.
Table 1.
Part Two ADHD and AUD risk groups

Groups

ADHD
Risk

AUD
Risk

n

%
Total

1
2
3
4
Total

Low
High
Low
High
-

Low
Low
High
High
-

17
22
23
19
81

20.9
27.2
28.4
23.5
100

Note. Group 1 = low childhood ADHD symptoms, low adult AUD risk; Group 2 = high childhood ADHD
symptoms and low adult AUD risk; Group 3 = low childhood ADHD symptoms and high adult AUD risk; and
Group 4 = high childhood ADHD symptoms and high adult AUD risk.

The final sample comprised N=81 full-time college students (see Figure 1). Participants
were racially and ethnically diverse: 14.8% (n=12) white, non-Latinx, 9.9% (n=8) Black, nonLatinx, 48.1% (n=39) self-identified Latinx, 21% (n=17) identified as Asian, Native Hawaiian or
Pacific Islander, and 6.2% (n=5) identifying as more than one race and non-Latinx, and/or not in
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one of the racial categories listed. Participants were predominantly assigned female at birth
(74.1%, n=60), mostly between 18 and 19 years of age (53.1%, n=43), and lived off-campus
(90%, n=73) with family (86.3%, n=63). Most of the sample were socioeconomically
disadvantaged, with nearly half of the sample’s annual household income falling below $30,000
(49.4%, n=40) (see Table 2 for sample demographics).
Figure 1:
Study Enrollment
Completed Part One survey: 862

162 Excluded
Not 18-25:
Not Fluent in English:
Not Full-Time:
Medication excl:
Brain Injury:
Incomplete:
Other:

52
5
31
41
19
12
2

Part Two Eligible: 700
Invited for Part Two: 329
Declined:
31
Lost to Follow Up: 214

Completed Part Two:
Included in Analyses:

Low ADHD
Low AUD:
N=17

High
ADHD Low
AUD N=22

84
81

Low ADHD
High AUD:
N=23

29

High ADHD
High AUD:
N=19

Table 2.
Demographic & Academic Characteristics, Overall and Group Comparison

Demographic Characteristics
Age

Sex at birth

Overall

Group 1

N=81

N=17

18-19
20-21
22-23
24-25

43 (53.1)
22 (27.2)
11 (13.6)
5 (6.2)

9 (52.9)
2 (11.8)
4 (23.5)
2 (11.8)

Male
Female

21 (25.9)
60 (74.1)

Race & Ethnicity
White/non-Hispanic
Black/Af-Am/non-Hispanic
Latinx
Asian/Native Hawaiian/PI
Biracial/Multiracial/Other
Living Situation
On-campus
Living Arrangement
Roommates
Parents/Family
Unstable housing
Household Income ($)
0-20K
20-30K
30-60K
$60-99K
$100K or more
Highest Parent Education
Less than HS education
HS Diploma/GED
Tech/Assoc. Degree
Bachelors Degree
MA or Equivalent degree
Academic Characteristics
GPA (self-reported)
0-1.99
2.0-2.99
3.0-3.99
4.0+
Ever repeated grade (Y)
Lifetime IEP/Disability Svcs (Y)
History of Learning Disorder (Y)
Family LD History
Yes
Maybe
No

Group 2

Group 3

Group 4

N=23

N=19

17 (77.3)
0 (0)
3 (13.6)
2 (9.1)

8 (34.8)
13 (56.5)
2 (8.7)
0 (0)

9 (47.4)
7 (36.8)
2 (10.5)
1 (5.3)

2 (11.8)
15 (88.2)

8 (36.4)
14 (63.6)

6 (26.1)
17 (73.9)

5 (26.3)
14 (73.7)

12 (14.8)
8 (9.9)
39 (48.1)
17 (21)
5 (6.2)

0 (0)
2 (11.8)
7 (41.2)
7 (41.2)
1 (5.9)

1 (4.5)
5 (22.7)
8 (36.4)
5 (22.7)
3 (13.6)

6 (26.1)
0 (0)
12 (52.2)
5 (21.7)
0 (0)

5 (26.3)
1 (5.3)
12 (63.2)
0 (0)
1 (5.3)

8 (9.9)

1 (5.9)

0 (0)

4 (17.4)

3 (15.8)

9 (12.3)
63 (86.3)
1 (1.4)

1 (6.3)
15 (93.8)
0 (0)

2 (9.1)
19 (86.4)
1 (4.5)

3 (15.8)
16 (84.2)
0 (0)

3 (18.8)
13 (81.3)
0 (0)

22 (27.2)
18 (22.2)
15 (18.5)
13 (16.0)
13 (16.0)

5 (29.4)
4 (23.5)
6 (35.3)
0 (0)
2 (11.8)

10 (45.5)
5 (22.7)
5 (22.7)
2 (9.1)
0 (0)

4 (17.4)
4 (17.4)
3 (13.0)
8 (34.8)
4 (17.4)

3 (15.8)
5 (26.3)
1 (5.3)
3 (15.8)
7 (36.8)

13 (16.0)
35 (43.2)
8 (9.9)
12 (14.8)
13 (16.0)

2 (11.8)
8 (47.1)
2 (11.8)
3 (17.6)
2 (11.8)

6 (27.3)
8 (36.4)
3 (13.6)
3 (13.6)
2 (9.1)

3 (13.0)
11 (47.8)
2 (8.7)
2 (8.7)
5 (21.7)

2 (10.5)
8 (42.1)
1 (5.3)
4 (21.1)
4 (21.1)

1 (1.2)
24 (29.6)
53 (65.4)
3 (3.7)
5 (6.2)
6 (7.4)
6 (7.4)

1 (5.9)
3 (17.6)
13 (76.5)
0 (0)
1 (5.9)
2 (11.8)
1 (5.9)

0 (0)
6 (27.3)
15 (68.2)
0 (0)
2 (9.1)
2 (9.1)
2 (9.1)

0 (0)
8 (34.8)
13 (56.5)
2 (8.7)
1 (4.3)
0 (0)
0 (0)

0 (0)
7 (36.8)
12 (63.2)
0 (0)
1 (5.3)
2 (10.5)
3 (15.8)

9 (11.1)
20 (24.7)
52 (64.2)

1 (5.9)
3 (17.6)
13 (76.5)

1 (4.5)
6 (27.3)
15 (68.2)

2 (8.7)
3 (13.0)
18 (78.3)

5 (26.3)
8 (42.1)
6 (31.6)

N=22
n (%)

Pairwise

χ 2 (df)

p

Comparisons

23.79 (9)

0.01**

2<3; 2<4

3.03 (3)

0.39

26.71 (12) 0.01**

4.92 (3)

0.18

3.86 (6)

0.70

27.12 (12) 0.01**

6.46 (12)

0.89

8.73 (9)

0.46

0.49 (3)
2.67 (3)
3.94 (3)
13.66 (6)

0.92
0.45
0.27
0.03*

NS

NS

NS

* p< .05, * * p≤.01
Note. Group 1= low ADHD symptoms + low AUD risk; Group 2= high ADHD symptoms + Low AUD risk; Group 3=low ADHD symptoms + high AUD risk; Group 4=high ADHD symptoms + high
AUD risk. Af-Am= African American; PI=Pacific Islander; HS= High School; MA= Masters; GPA= Grade Point Average; Y= Yes; IEP= Individualized Education Program; LD= Learning Disorder;
NS=Not Significant
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Measures
Baseline Assessments (Online Self-Reports)
Demographic Questionnaire. Participant’s age, sex, race, ethnicity, living arrangement,
household income, parent education, employment, history of learning disorder, history of
substance and alcohol use, family history of mental illness and learning disorder, GPA and
academic standing (undergraduate year) were collected via self-report.
Wender-Utah Rating Scale, Short Form (Ward et al., 1993; WURS). This 25-item selfreport measure asks about childhood ADHD symptoms and impairment. Participants were asked
to retrospectively recall the frequency of specific behaviors before the age of 12 years on a 5point Likert scale (0=Not At All or Very Slightly to 4=Very Much). A score of 36 or higher
indicates a high risk of ADHD, with both specificity and sensitivity of 96%. The WURS-25 has
demonstrated high internal consistency in a sample of 111 college students, with a coefficient
alpha at time one of .89 (Wierzbicki, 2005). For the current sample, this scale showed excellent
internal consistency (Cronbach’s alpha= .94).
Alcohol Use Disorders Identification Test (AUDIT; Saunders et al., 1993). This 10item self-report measure created by the World Health Organization assesses alcohol use
frequency, dependence, and related impairment. Participants answer each question by selecting
an answer from five choices on a 5-point Likert scale (where 0 is the lowest frequency and 4 is
the highest frequency). Higher scores are associated with riskier alcohol use (Babor et al., 2001).
Total scores of 6 or greater were used to categorize individuals into the “high risk AUD” groups
for a college sample (Kokotailo et al., 2004), and those scoring below 6 were grouped into the
“low risk AUD” groups. This scale has been shown to identify risky alcohol consumption among
college students (Kokotailo et al., 2004), with a total score internal consistency of .80. For the
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current sample this measure showed good total score internal consistency (Cronbach’s alpha
=.82).
Drug Use Disorders Identification Test (DUDIT; Berman et al., 2005). A self-report
measure designed for use with the AUDIT. Developed by the World Health Organization for use
alongside the AUDIT, this 11-item psychometrically sound self-report questionnaire asks
participants to rate the frequency of drug use behaviors and consequences on a 5-point Likert
scale from 0 to 4, with 0 indicating the lowest frequency or occurrence, and 4 indicating the
highest. Berman et al. (2005) recommends risk cut-off scores of ≥ 2 for women and ≥ 6 for men.
For the current sample, the DUDIT demonstrated good internal consistency (Cronbach’s alpha=
.88). Studies have shown that individuals with ADHD are at greater risk for both alcohol and
substance use disorders, thus it was necessary to capture past year data on both alcohol and drug
use.
Barratt Impulsiveness Scale-15 (BIS; Spinella, 2007). This is a 15-item self-report
measure of trait impulsivity with suitable psychometric properties (reported alpha= .79) and
good internal consistency for this sample (Cronbach’s alpha=0.81). Each question asks
individuals to rate how well each item describes them on a 4-point Likert scale, where
1=Rarely/Never and 4=Almost Always. Responses load onto three domains of impulsivity: nonplanning, motor impulsivity, and attention impulsivity. Non-planning impulsivity refers to the
tendency make decisions without forethought, such as accepting a social invitation without
thinking about assignments or exams due the next day. Motor impulsivity is defined as acting
without thinking and has been associated with neuropsychological measures of inhibitory
control, such as Go/No-Go tasks (Spinella, 2007). Last, attention impulsivity is defined as the
tendency to make decisions quickly.
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Deficient Emotional Self-Regulation (DESR; Barkley 1997a, 1997b; Surman et al.,
2013). Select items from Barkley's self-report Current Behavior Scale were used to assess
deficient emotional self-regulation. The questionnaire comprises 8 questions about emotion
reactivity over the past 6 months. Participants indicated the frequency of these behaviors by
using a 4-point Likert scale, with responses ranging from 0 (Never) to 3 (Very Often). In a
sample of ADHD and non-ADHD adults, internal consistency was high (Cronbach’s alpha=.90)
(Surman et al., 2013). The internal consistency for our current sample was also .90. The authors
determined that an extreme DESR total score would be that which exceeded the 95th percentile of
DESR scores among the control group, which was a score of 9 and above for their sample of
adults aged 18-55 years. For our sample, we selected a cut-off score of 12 and above as an
indicator of an elevated DESR score, which represents one standard deviation about the control
group mean (i.e., the Low ADHD/Low AUD Risk group).
Barkley Deficits Executive Functioning Scale-Short Form (BDEFS-SF; Barkley, 2011).
The BDEFS Short Form is a 20-item self-report measure of executive functioning. Individuals
rated how often in the past 6 months they experienced different problems related to planning,
organization, emotion regulation, among other executive functions, by using a 4-point Likert
scale where 1=Never/Rarely and 4=Very Often. The reported internal consistency for the
BDEFS-SF total score was good (α = 0.92). The Self-Restraint subscale of the BDEFS-SF was
used as a subjective measure of impulsivity for the Part Two analyses because this scale
specifically measures the EF construct of Inhibition. The subscale comprises 4 questions related
to inability to inhibit reactions/responses, making impulsive comments, doing things without
considering the consequences, and failing to consider past relevant experience before responding
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to a situation. For this sample, both total scale scores and the Self-Restraint subscale
demonstrated good internal consistency (Cronbach’s alpha= 0.92 and 0.80, respectively).
In-person Self-Report Measures
Young Adult Alcohol Problems Screening Test (YAP; Hurlburt & Sher, 1992). This
27-item self-report questionnaire screens for problems related to alcohol use in the past year. For
the first 8 questions, participants indicate whether the experience mentioned has ever occurred in
their lifetime, and if so, if it has occurred in the past year. For individuals who have had the
experience in the past year, they then select the frequency of the occurrence on a Likert scale
from 2 to 9, where 2=1 time and 9= 40 or more times. This is one of the outcome measures used
to compare alcohol-related impairment between groups. Similarly, for questions 9-20,
participants are asked to rate the frequency of the experience indicated by each item on a scale
from 0 to 4, where 0=No, never and 4=3 or more times. Finally, items 21 to 27 ask that
participants rate the frequency of an experience on a scale from 0 to 2, where 0=No, Never and
2=Yes, in the past year. The YAP has sound psychometric properties and good internal
consistency (Cronbach’s alpha for lifetime= .87, past year =.83 and .84 for past year severity)
(Hurlburt & Sher, 1992). The internal consistency was high for our sample, with a Cronbach’s
alpha of 0.90 each for lifetime and past year alcohol related problems, as well as for past year
severity. Although the scale is not meant to diagnose individuals, a past-year cut-off score of 4
yielded sensitivity of 92% and specificity of 57%.
Delaying of Gratification Inventory (DGI; Hoerger et al., 2011). The DGI is a valid
and reliable (composite score α ≥ 0.90) 35-item self-report measure of an individual’s ability to
delay gratification across 5 domains: food, physical, social, financial, and achievement. Due to
an error in programming the Part Two survey, 7 items from the 35-item Delay of Gratification
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Inventory (DGI) were omitted and are thus missing for all participants. The DGI total score is
based on the first 28 items, answered by all Part Two participants. However, subscale scores
were not computed due to these missing data. Participants reported how much they agreed with
each statement by using a 5-point Likert scale, where 1= Strongly Disagree and 5= Strongly
Agree. A higher DGI score indicates greater ability to delay gratification, thus the variable was
reverse coded so that higher scores correspond to greater impairment in the construct, to be
consistent with the other measures of impulsivity used in this study. Internal consistency for the
28 items completed by our sample was good (α =0.82).
Urgency, Premeditation (lack of), Perseverance (Lack of), Sensation Seeking,
Positive Urgency, Impulsive Behavior Scale (UPPS-P; Lynam et al., 2006; Pedersen et al.,
2016). This 59-item self-report questionnaire measures five impulsive personality traits:
Negative urgency, (lack of) premeditation, (lack of) perseverance, sensation seeking, and
positive urgency. Negative and positive urgency correspond to emotional drivers of impulsive
behaviors, such as drinking excessively as a response to emotional distress or engaging in binge
drinking while celebrating a sports team win, respectively. Lack of premeditation refers to a lack
of foresight or behaving without considering the consequences, such as going out for drinks the
night before an early morning class. Lack of perseverance corresponds to difficulties following
through with tasks, and sensation seeking refers to a tendency to pursue stimulating experiences
and environments. Participants rated how much they agreed or disagreed with each item by using
a 4-point Likert-scale, with 1=Strongly Agree and 4=Strongly Disagree. Responses were coded
so that a higher score corresponded to greater impulsivity. This scale demonstrated good internal
consistency on a sample of adults with and without ADHD (Roberts et al., 2014). In our sample,
the internal consistency of the measure was good to high, with a Cronbach’s alpha = 0.91 for the
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total score, ranging from 0.74 ((lack of) perseverance) to 0.92 (positive urgency) for the
subscales.
Clinician-Rated Measures
Mini International Neuropsychiatric Interview for ADHD 7.0.2 for DSM-5
(M.I.N.I.) (Sheehan et al., 1998). This is a semi-structured diagnostic interview that assesses for
presence of DSM-5 disorders. Selected sections were administered to assess for mood, anxiety,
and behavioral disorders, as well as to gain more detailed information about ADHD symptoms.
Time-Line Follow Back (TLFB) (Sobell & Sobell, 1992). This form was used to
estimate alcohol use quantity and frequency for the 30 days prior to study participation.
Participants were asked first to recall any salient events such as birthdays, holidays, illnesses or
celebrations in the prior month as markers of days when they were significantly more or less
likely to have had an alcoholic drink. Next, RAs asked about typical drinking patterns (such as
weekends) and completed the form for those days with the participant, before moving on to fill
in the rest of the past 30 days. Participants were also asked if they used any nicotine or drugs in
the past thirty days, as a way to assess for polysubstance use. For substances other than alcohol,
type was documented, but not the quantity.
Neuropsychological Measures
Temporal Discounting task (TDT; de Water, Cillessen, & Scheres, 2014; Myerson,
Green, & Warusawitharana, 2001). This is a 5-minute, computerized decision-making task that
measures an individual’s preference for variable immediate monetary rewards rather than larger
ones delivered at a later date. The task was programmed using E-Prime 2.0 and modified from its
original Dutch-language version to American English, and the currency switched from Euro to
U.S. Dollars. Participants completed 5 blocks of 6 trials each, requiring them to repeatedly
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choose between an immediate hypothetical monetary reward and a greater monetary reward at
various delay intervals. Each block represented a different delay interval (2 days, 2 weeks, 1
month, 6 months, and 1 year), with a random order of presentation across participants. For each
block, participants were required to make 6 choices. The first trial always began with a $5
reward, which was adjusted in subsequent trials depending on the participant’s selection. If the
participant chose the delayed reward, the immediate reward in the next trial was increased by
50%. Similarly, if the participant selected the immediate reward, the next trial presented an
immediate reward that was half of that in the previous trial. The subjective value (SV) of a
delayed reward could be estimated by adjusting the amounts of the immediate reward and time
interval of the delay. For this study, the SV was estimated by using the amount that would be
presented as an immediate reward if participants were to make a 7th choice for each block/delay
interval. The TDT variable of interest is the area under the curve (AUC), which was calculated
from the 5 SVs from each trial, using the method described by Meyerson et al. (2001). The AUC
scores range from 0 to 1, with values closer to 0 indicating a preference for smaller, immediate
rewards. AUC was then reverse-coded so that higher scores indicated greater impulsivity, so
direction of impulsivity measures remained consistent.
Stop-Signal Task (Shuster & Toplak, 2009; Logan & Cowan, 1984; Schachar et al.,
2000; Williams et al., 1999). This computerized “go/no-go” task is an objective measure of
inhibitory control. The task took approximately 15 minutes to complete and comprised 6 blocks
of 32 trials each. For each trial, participants were instructed to respond as quickly as possibly by
pressing a key corresponding to the visual stimulus presented (the letters “X” or “O”; “go’
trials”). However, if participants heard a “beep” sound, they were to inhibit their automatic
motor responses and not press any key (“no-go” or stop-signal trials). For each participant,
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roughly 25% of trials were stop-signal trials, with varying delays between the auditory signal and
visual stimulus presentation (stop-signal delay). The stop-signal delay was automatically
adjusted to the participant’s performance on the previous trial, such that a successfully inhibited
response in the previous trial would result in a more challenging stop-signal delay for the
subsequent stop-signal trial and vice-versa. This algorithm ensured participants would
successfully inhibit about half the stop-signal trials. The variable of interest for this task is the
stop-signal reaction time (SSRT), which is a measure of response inhibition, whereby a longer
SSRT indicates weaker inhibition. The SSRT was computed by subtracting the mean stop-signal
time delay from the mean reaction time of the valid (accurate) Go trials for each block. SSRT
data were cleaned per Congdon’s (2012) demonstrated method of obtaining the most reliable
estimated SSRT. First, all blocks were included to calculate the overall SSRT, followed by
implementing the “lenient outlier criteria” to exclude unreliable blocks. Thus, if the percent
inhibition on stop trials was below 25% or above 75%, the Go trial response rate was less than
60%, more than 10% of Go trials consisted of response errors, or the SSRT estimate was less
than 50 milliseconds or a negative value, the block was deemed unreliable and excluded.
Procedure
Individuals recruited online or via recruitment fliers were sent a link to a Qualtrics
survey, which they could complete on an electronic device of their choosing, at a time and place
of their choosing. After opening the survey link, participants completed an electronic informed
consent process followed by a screening questions, which asked about age, college enrollment
status, sex, race, ethnicity, SES, gender, psychiatric diagnoses, current medications, history of
TBI or concussion, and alcohol, nicotine, and psychoactive drug use.
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Those who completed the online survey and who were eligible for Part Two of the study,
based on their responses to the childhood ADHD and adult alcohol use measures, were contacted
and invited to participate in the laboratory assessment. Consistent with other studies done with
an ADHD population (Fillmore et al., 2009), prior to the lab visit, participants were asked to
withhold their ADHD medication for 24 hours before the day of testing. This was done to ensure
that we would be examining cognitive functioning of individuals with a high number of
childhood ADHD symptoms in an unmedicated state, rather than testing their performance when
treated. If we tested participants who had taken their medication, we also risked losing any
between-group differences in the behavioral assessments. Additionally, if we excluded students
on ADHD medication, we risked losing data from individuals with the most severe symptoms.
Participants were reminded to withhold medication by an RA the day before testing. If a
participant forgot to withhold medication, their lab visit was rescheduled. In order to alleviate
any potential burden of withholding medication, participants had the option of scheduling lab
visits on the weekend or first thing in the morning, so that they may take their medications
afterwards. The PI scheduled the Part Two lab visits and, unless the PI was completing the
research tasks with the participant, the RA conducting the interview was blind to participant
ADHD/AUD status.
On the day of the lab visit, participants completed an additional in-person, written
informed consent process specific to the Part Two tasks. Additionally, participants were asked if
they were willing to provide additional, optional consent to allow the advisor for this study to
access their electronic academic transcript held by the institution to obtain their End of Semester
Grade Point Average (EoS GPA). Participants who declined to provide this consent were not
affected in their ability to take part in the rest of the study. The in-person assessments then began
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with neuropsychological battery of cognitive tests measuring inhibitory control and decision
making. After the neurocognitive battery of tests, participants were asked to complete additional
questionnaires on a computer (UPPS-P, DGI, Young Adult Alcohol Problems Screening Test).
Finally, individuals were administered a diagnostic interview to assess frequency and severity of
ADHD and AUD symptoms as well as presence of comorbid psychiatric diagnoses. Rates and
quantities of alcohol use were then confirmed via a Time-Line Follow Back (TLFB)
questionnaire, which asked participants about their alcohol consumption in the 30 days preceding
the interview.
At the end of the Part Two lab visit and in light of possible distress felt in relation to
questions regarding substance use or experiences of psychiatric illness, participants were offered
an extensive electronic list of referrals for mental health and substance use services in the
different boroughs of New York City, in addition to contact information for the institution’s
Wellness Center, where students can receive free, confidential counseling on-campus. The
referrals list was also displayed in plain view the lab and sent via email to participants who
indicated that they would like to receive it.
Psychology students who completed the Part One online survey received one experiment
participation credit, which could be exchanged for course credit. Participants who were not in the
Psychology department were entered into a raffle to win 1 of 10 Amazon gift cards with a value
of $10, as compensation for completing the online survey. At the completion of the Part Two lab
visit, participants were compensated for their time. Participants could choose to receive $20 in
cash or 3 experiment participation credits. This study was approved by the Integrated IRB of the
institution where the study took place.
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Data Analysis
Grouping Participants by Childhood ADHD Severity and Adult AUD Risk
As noted in the “Participants” section, participants were preliminarily grouped into four
risk categories based on their responses to the childhood ADHD (WURS; Wender et al., 1993)
and adult past-year alcohol consumption (AUDIT; Saunders et al., 1993) questionnaires. The
groups were: Low ADHD/Low AUD risk (Group 1; “Control” group), High ADHD/Low AUD
risk (Group 2), Low ADHD/High AUD risk (Group 3) and High ADHD/High AUD risk (Group
4; “Comorbid” group). Following completion of the Part Two laboratory-based evaluation,
participants’ responses to the M.I.N.I diagnostic interview and the Time Line Follow Back
interview were integrated with their screening questionnaire responses, consistent with practices
described in the literature where information from multiple sources is integrated, with equal
weight given to each source (Piacentini et al, 1992). After this process, 11 participants were recategorized. For the AUD risk groups, there were several participants who met diagnostic criteria
for an AUD following the Part Two diagnostic interview. These participants had AUDIT total
scores that were just below the cut-off score of 6 and were thus re-categorized into one of the
two High AUD risk groups, depending on the childhood ADHD symptom status. Participants
who met criteria for ADHD in adulthood following the M.I.N.I diagnostic interview, but whose
WURS scores from Part One did not meet the cut off of ≥36, were closely reviewed. If they
reported ADHD related impairment and endorsed an occurrence of symptoms prior to the age of
12, and/or had WURS scores just shy of the cut-off, they were re-categorized to one of the High
ADHD symptom groups. We also examined whether the ADHD symptoms could be attributed to
another disorder when determining groups.

41

In addition to the 11 participants who were re-grouped, there were three participants who
were considered “borderline” ADHD cases. These individuals reported sufficient current
symptoms to meet the DSM-5 threshold for adult ADHD, but in their interview, they did not
recall these symptoms appearing prior to the age of 12 and their childhood ADHD symptom
score on the WURS did not meet the cut-off threshold. For the purposes of this study, these
individuals were classified as Low ADHD/High AUD risk, consistent with DSM-5 criteria,
which requires some symptom onset prior to age 12.
Statistical Analyses
Analyses were carried out using SPSS v. 26. All continuous variables were checked for
normality prior to analysis. Non-parametric tests were conducted on the non-normal continuous
variables: past year alcohol-related problems and severity (from the YAP), Time-Line Follow
Back (TLFB) past 30-day alcohol use variables (total drinks, drinking days, total drinks per
drinking day), Temporal Discounting Task area under the curve, Stop Signal task mean reaction
time, Alcohol Use Disorders Identification Test (AUDIT) and the three AUDIT subscales
measuring alcohol consumption, dependence, and hazardous use, and end of semester GPA.
ADHD/AUD Risk group differences in clinical variables were analyzed using chi-square
analyses (for categorical variables) and 1-way analysis of variance (ANOVA) or Kruskal Wallis
tests for normally distributed and non-normally distributed data respectively. For significant
models, post-hoc pairwise comparisons were carried out between the high AUD risk/low ADHD
and high AUD risk/high ADHD groups using parametric or non-parametric tests (i.e., MannWhitney U test), as appropriate for the data. Effect sizes appropriate to the test statistic were
calculated. Pairwise comparisons were corrected for multiple testing using the Holm-Bonferroni
method (Holm, 1979).
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To test Aim 2, an exploratory factor analysis with maximum likelihood extraction and
direct oblimin rotation was performed on the 5 self-report impulsivity measures (BDEFS
Impulsivity subscale, BIS, DGI, DESR, UPPS-P) to reduce the variables to their underlying
latent factors and create a subjective impulsivity factor. A preliminary correlation matrix of the
subjective and objective impulsivity variables showed that the objective measures (TDT; SSRT
Mean) were not correlated with the subjective measures or each other (all ps >.05; see Table 3).
The subjective measures were strongly correlated with each other (all ps <.001), thus we
proceeded with the factor analysis for the subjective variables only. The factor analysis extracted
one factor which accounted for 55.7% of the variance in the sample, with individual factors
correlating strongly to the latent factor (see Table 4 for Factor structure matrix).
Table 3.
Correlation Matrix of Impulsivity Variables

1. BDEF_Restrainta
2. BIS Total
3. DGI_R
4. DESR Total
5. UPPS-P Total
6. SSRT Mean

1

2

3

4

5

6

.68**
.41**
.54**
.48**
.05
.02

.60**
.60**
.60**
.03
-.02

.50**
.54**
.02
.13

.54**
.02
-.02

.14
.02

-.13

7. TDT_Ra
a. Spearman correlations; **p<.001
Note. BDEF_Restraint= Barkley’s Deficit in Executive Function Scale Short Form "Self-Restraint" subscale; BIS
Total= Barratt Impulsiveness Scale 15-item total score; DGI_28R= Delaying Gratification Inventory 28-item total
score reverse-coded variable; DESR_Total= Deficient Emotional Self-Regulation total score; UPPS-P Total=
Urgency, Premeditation (lack of), Perseverance (Lack of), Sensation Seeking, Positive Urgency, Impulsive Behavior
Scale total score; SSRT Mean= Stop Signal reaction time mean; TDT_R= Temporal Discounting Task reversescored variable.
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Table 4.
Factor Structure Matrix
Variable
BIS Total
BDEF_Restraint
DESR_Total
UPPS-P Total
DGI_R

Factor 1
.87
.74
.71
.71
.68

Note. BIS Total= Barratt Impulsiveness Scale 15-item total score; BDEF_Restraint= Barkley’s Deficit in Executive
Function Scale Short Form “Self-Restraint” subscale; DESR_Total= Deficient Emotional Self-Regulation total
score; UPPS-P Total= Urgency, Premeditation (lack of), Perseverance (Lack of), Sensation Seeking, Positive
Urgency, Impulsive Behavior Scale total score; DGI_R= Delaying Gratification Inventory reverse-coded variable.

Objective impulsivity data were obtained from the following Part Two lab visit
computer tasks: the Temporal Discounting task (TDT) and the Stop Signal task (SST). The
variable of interest for the TDT is the area under the curve, or AUC, with higher scores
indicating greater delay of gratification capacity. In order to compare these values to other
impulsivity measures, such that a higher score indicated greater preference for smaller,
immediate rewards (and thus less ability to delay gratification), the AUC was reverse coded
(“TDT_R”). The second objective impulsivity variable was the Stop Signal Reaction Time mean
(SSRT mean). A higher score suggests greater impulsivity. The objective impulsivity variables
were meaned and then centered to create a single objective impulsivity variable for subsequent
analyses.
In order to determine whether there were any group differences in subjective and
objective impulsivity, a series of one-way ANOVAS were completed comparing groups on each
subjective and objective measure of impulsivity in addition to the subjective and objective mean
composite scores (see Table 8 in Results).
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A series of separate moderation models were completed using the Hayes’ (2018)
PROCESS macro on SPSS to test whether childhood ADHD symptomatology (IV) was
associated with alcohol related problems in adulthood (DV), and whether this relation was
moderated by subjective and objective impulsivity (M). Separate models were run for subjective
impulsivity, objective impulsivity, and both subjective and objective impulsivity in the same
model.
Furthermore, given that positive and negative urgency have been shown to predict ARI in
college students with and without ADHD (Pedersen et al., 2016; Roberts et al., 2014), two
follow-up moderation analyses were completed to determine whether positive urgency or
negative urgency subscales from the UPPS-P predicted group differences in past year ARI
severity in our sample.
Hayes’ (2018) PROCESS is a statistical tool to conduct different types of regression
analyses using non-parametric boot-strapping procedures which repeatedly draws random
samples from the data set and calculates unstandardized path coefficients for each sample. We
selected 10,000 bootstrap resamples per analysis and utilized an HC3 estimator to account for
non-normal distribution of residuals. We selected 16th, 50th, and 84th percentiles as comparison
points. Last, continuous moderator and predictor variables were centered prior to analyses. The
moderation models provide details on the presence and nature of an interaction between
predictor and moderator on the outcome variable. We utilized the pick-a-point method to plot
sample data at the mean and at +/- 1SD. If the simple slope is significantly different from zero, it
indicates that the relationship between the predictor and outcome measure varies in strength at
different values of the moderator.
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Attrition and Missing Data
Part One: Attrition. Chi-square analyses and t-tests were used to compare the 245
participants who declined participation in Part Two or who were lost to follow up (LTFU) with
the 84 participants who completed the Part Two lab visit on selected demographic and clinical
variables. There were no significant differences in age (p=.72), race (p=.07), ethnicity (p=.38),
household income (p=.21), parent highest level of education (p=.20), or scores on the WURS
(p=.29). However, significant differences emerged in AUDIT scores (t=-2.86, df=327, p=.005),
with the completed group reporting higher mean scores. This was expected, as recruitment
prioritized those with higher AUDIT scores for half of the Part Two groups. Participants who
declined or were LTFU also differed significantly from those who completed the study on sex
assigned at birth, with those who declined/LTFU being predominately male (χ2=4.59, df=1,
p=.03).
Part Two: Missing Data. Various technological difficulties - either during the Part Two
lab visit or during the data archiving and retrieval process – resulted in missing data for the Part
Two computer tasks. Of the 81 participants included in the Part Two analyses, there were 9
participants who were missing data from one or more measures. Two participants were missing
data from the Temporal Discounting task (TDT), 5 were missing data from the Stop Signal task
(SST), one participant was missing data from both the TDT and SST, and one participant was
missing data from the DESR due to an incomplete Part One survey. Chi-square analyses and ttests were used to determine whether the participants who had missing data differed from the rest
of the Part Two participants on demographic variables and screening measures. There were no
significant differences between groups in age (p=.62), sex (p=.59), race (p=.18), ethnicity
(p=.10), household income (p=.69), or parent highest level of education (p=.98). In terms of
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screening measures, there were no differences between groups in mean AUDIT score (p=.56),
but significant differences between groups were observed in mean WURS scores (p=.04). A
closer look at the participants with missing data identified 7 of the 9 as participants belonging to
either one of the two high ADHD groups.
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Chapter IV: Results
ADHD Behaviors and Risk for Alcohol-Related Impairment
The first aim of this study was to explore whether college students with a childhood history
of elevated ADHD symptoms experience greater ARI frequency and severity than their peers
who report comparable rates of alcohol consumption but low childhood ADHD symptoms. It
was hypothesized that students with high childhood ADHD symptomatology would report
greater severity of alcohol-related problems than their non-ADHD peers, despite comparable
rates of use.
Self-Reported Alcohol Use Across Groups
Historical alcohol and substance use behavior, as well as familial risk data were obtained
from the Part One online survey. Of the 81 participants who completed both parts of the study
and are included in these analyses, 80% (n=65) had ever had a full drink of alcohol, but
differences across the groups were observed (χ2=22.10, df=3, p< .0001; see Table 5). Pairwise
comparisons between groups revealed that the two low AUD risk groups (1, 2) were significantly
less likely to have ever had a drink of alcohol than the high AUD risk groups (all ps ≤ .005). The
two low AUD risk groups (1, 2) and the two High AUD risk groups (3, 4) did not differ from
each other (both ps ≥ .52).
There were no significant differences among the groups in age of first alcoholic drink
(χ2=8.20, df=6, p= .22), a significant difference did emerge among groups with age of regular
alcohol use (χ2=33.462, df=9, p<.0001; see Table 5). Similar to differences in lifetime alcohol
use, pairwise comparisons between groups on age of regular alcohol use showed that the low
AUD risk groups (1,2) were significantly less likely to drink alcohol regularly than the Low
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ADHD/High AUD risk group (3) (all ps ≤.012). The control group (1) were also significantly
less likely to drink regularly than the High ADHD/High AUD risk group (4) (p=.001). After
applying the Holm-Bonferroni correction (Holm, 1979), the High ADHD/Low AUD risk group
(2) did not differ significantly from the High ADHD/High AUD group (4) (p≥ .017). Further, the
two low AUD risk groups (1, 2), and the two high AUD risk groups (3,4) again did not differ
significantly from each other (both ps ≥ .09). Approximately half (51%, n=33) of participants
who had ever had a full drink of alcohol reported that they did not drink alcohol regularly,
representing the majority of participants in the two low alcohol risk groups (1, 2).
Significant differences between groups in lifetime drug use were observed (χ2=16.95,
df=3, p=.001), with almost 90% (n=17) of the High ADHD/High AUD risk group (4) reporting
ever having used a psychoactive drug, compared to 48% (n=11) of the Low ADHD/High AUD
risk group, 27% (n=6) of the High ADHD/Low AUD risk group, and 41.2% (n=7) of the Low
ADHD/Low AUD risk control group. Pairwise comparisons revealed that the High ADHD/High
AUD risk group (4) was significantly more likely to have ever used an illegal drug than all other
groups (all ps ≤ .004). The other groups (1, 2, 3) did not differ significantly from each other on
lifetime drug use (all ps ≥ .16). There were no significant group differences among groups in age
of first drug use and age at regular drug use (all ps ≥ .32). There were significant group
differences in hazardous drug use, as assessed by DUDIT scores (p= .002). After correcting for
multiple testing, pairwise comparisons showed that participants in the High ADHD/High AUD
risk group (4) were significantly more likely to report DUDIT scores that fall above the
problematic/high risk drug use threshold than participants in Groups 1 and 2.
In order to determine whether childhood ADHD symptom was associated with earlier
initiation of alcohol and substance use, we used a dichotomized ADHD risk group variable to
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compare alcohol and drug use variables between participants with High childhood ADHD
(groups 2 and 4 combined) and Low childhood ADHD risk groups (groups 1 and 3 combined).
In terms of age at first alcoholic drink, the ADHD group was significantly more likely to have
initiated alcohol use at a younger age (χ2=6.42, df=2, p=.04), with nearly 39% (n=12) of the
High ADHD risk group reporting their first drink before the age of 15 years old, compared to
12% (n=4) of the Low ADHD risk group. There were no other significant differences between
ADHD and non-ADHD groups on the other alcohol and drug use variables.
In terms of self-reported individual and familial risk, there were no between-group
differences in participants’ experience of lifetime psychiatric diagnoses (χ2= 3.42, df=6, p= .75),
though groups differed significantly in family psychiatric history (χ2=22.91, df=3, p≤ .0001). All
19 participants in the High ADHD/High AUD risk group responded “Yes” or “Maybe” to
questions about family history of mental illness. Pairwise comparisons between groups revealed
that the High ADHD/High AUD risk group (4) was significantly more likely to report family
history of psychiatric illness than all of the other 3 groups (all ps ≤ .01). Additionally, the High
ADHD/Low AUD risk group was significantly more likely to report a family history of
psychiatric problems than the Low ADHD/High AUD risk group (p= .005). There were no
significant differences in family psychiatric history between the two Low AUD risk groups (1, 2)
and the two Low ADHD groups (1, 3) (all ps ≥ .07). Furthermore, there were no significant
differences among groups on family history of an alcohol/drug problem, or family history of
suicide (all ps ≥0.11, see Table 5).
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Past Year Alcohol Consumption and Impairment
Several different indicators of alcohol consumption and related impairment were
measured in this study. For the Part One online survey, participants completed the AUDIT,
which assessed past year alcohol use and impairment, providing an alcohol use disorder risk
score that was used to determine Part Two group membership. During the Part Two lab visit,
participants completed a second survey, which included the YAP, an assessment of lifetime
alcohol-related impairment, as well as past-year alcohol-related problems and past-year alcohol
use severity. Participants also completed a Time-Line Follow-Back (TLFB) as part of the
diagnostic interview, which captured alcohol use over the previous 30 days. This measure
provided the number of drinking days in the past 30 days, the total number of drinks over the
past 30 days, as well as the average number of drinks per drinking day. Last, participants were
administered a diagnostic interview, during which they were assessed for an Alcohol Use
Disorder. From participants’ responses, AUD diagnoses and severity scores (determined by
number of AUD symptoms endorsed) were obtained. Correlations among these variables are
displayed in Table 6. Overall, the past year alcohol use and severity variables were moderatelyto- strongly correlated (rs ≥ .45, p < .05). The TLFB variables, reflecting use over the past 30
days, were not significantly related to the AUD diagnostic severity score (rs = .16 - .25, p > .05).
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Table 6.
Spearman correlation matrix of alcohol use variables
1

2

3

4

5

6

7

1. AUDIT
2. AUD Past Year
.75**
3. AUD Severity
.40*
4. Past Year ARI
.80**
.64**
.45**
5. PY ARI Severity
.79**
.62**
.46**
.99**
6. TLFB Total Drinks .63**
.57**
.22
.60**
.59**
7. TLFB Drink Days
.66**
.60**
.25
.64**
.63**
.97**
8. TLFB Drinks/Days .61**
.57**
.16
.59**
.58**
.82**
.91**
**p<.001; *p<.05
Note. AUDIT = Alcohol Use Disorders Identification Test total score; AUD Past year= Alcohol Use Disorder
diagnosis for the past year, based on MINI diagnostic interview; AUD Severity= severity score of past year Alcohol
Use Disorder based on number of endorsed AUD symptoms on the MINI; Past Year ARI= number of self-reported
alcohol-related problems in the past year based on YAP responses; PY ARI Severity= past year ARI severity score
based on YAP ratings of frequency of alcohol related problems in the past year; TLFB Total Drinks= total number of
alcoholic drinks consumed in the past 30 days based on the Time-Line Follow Back interview (TLFB); TLFB Drink
Days= total number of drinking days in the past 30 days based on TLFB responses; TLFB Drinks/Days= number of
drinks per drinking day in the past 30 days, calculated from TLFB responses.

A Kruskal-Wallis H test was conducted to determine whether alcohol use and related
impairment (ARI) differed as a function of risk group. Significant differences emerged between
groups for all six continuous alcohol and ARI variables (all ps <.0001; see Table 7). There were
no differences in GPA across the groups. Pairwise comparisons for significant associations
showed that for past year ARI, past year ARI severity, all three measures of past month alcohol
consumption (TLFB), the AUDIT total score and the AUDIT Consumption and Hazardous use
subscales, there were significant differences between the High AUD risk groups (3, 4) and the
Low AUD risk groups (1, 2) (all ps <.0001), but no differences between groups in the same
alcohol risk categories (ps ≥ 0.09). Pairwise comparisons between groups for the AUDIT
Dependence subscale showed significant differences between the Co-morbid High ADHD/High
AUD risk group (4) and the Low AUD risk groups (1, 2). The Low ADHD/High AUD risk
group was significantly higher than the High ADHD/Low AUD group.

53

A Mann-Whitney U-test was conducted to compare ARI between the high-risk alcohol
groups (3,4) to determine whether the comorbid group (4) reported greater ARI than their low
ADHD/high AUD risk counterpart (3), despite comparable rates of alcohol consumption. There
were no significant differences between the High AUD risk groups (3, 4) on past year ARI,
TLFB variables, AUDIT Consumption and Dependence subscales, or end of semester GPA (ps ≥
0.20; see Table 7). Group comparisons on past year ARI severity fell just short of statistical
significance, with p=0.06. However, a significant difference in AUDIT total scores between
Group 3 (Mdn =6) and Group 4 (Mdn =9) emerged, U(N3=23, N4=19) = 341.00, z=3.14, p=.002,
with a moderate effect size (r2=.24). This difference was likely driven by the Hazardous Use
subscale of the AUDIT; Group 3 (Mdn =1) was significantly lower than Group 4 (Mdn =3),
U(N3=23, N4=19) = 308.50, z=2.32, p=0.02, with a small-to-medium effect size (r2=0.11).
Summary
The first aim of this study was to determine whether college students with high and low
childhood ADHD symptoms report similar rates and frequencies of alcohol use, and whether
those with childhood ADHD symptoms would report greater alcohol-related impairment severity
than their non-ADHD peers. We established comparable rates and frequencies of alcohol use
between the two High AUD risk groups (3, 4) and the two Low AUD risk groups (1, 2). Pairwise
comparisons between the two high AUD risk groups showed a trend towards the Comorbid
group (4) reporting greater ARI severity, as measured by the YAP (p= 0.06). However,
significant differences between groups 3 and 4 emerged in the AUDIT total score and the
AUDIT Hazardous Use subscale, suggesting that that High ADHD/High AUD group engaged in
more risky drinking behaviors than their non-ADHD peers with similar alcohol use patterns.
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Impulsivity and its Relation to Alcohol-Related Impairment
The second aim of this study was to explore differences in impulsivity among
participants with different levels of risk for ADHD and Alcohol Use. Impulsivity was assessed
via a multi-method approach using neuropsychological and self-report measures of inhibitory
control and delay of gratification. We expected that college students with both high childhood
ADHD symptoms and high risk for AUD in adulthood would experience greater past year ARI
severity, especially for those with higher trait impulsivity.
Self-Reported Impulsivity Across Groups
Impulsivity is a multi-faceted construct that is generally defined as acting without
thinking, it is one of the core features of ADHD and has also been associated with alcohol and
substance use disorders (APA, 2013; Ortal et al., 2015). Impulsivity tends to decline over time,
except in individuals with chronic, heavy alcohol and/or substance use, whose executive function
and motivational pathways are negatively affected over time (Ortal et al., 2015). For individuals
with co-occurring ADHD and alcohol/substance use problems, we expected that they would have
higher impulsivity scores across measures and that these impulsive behaviors would be
associated with greater severity in ARI. To answer this research question, participants completed
selected self-report measures of motor (BIS), temporal (DGI), cognitive (BIS; UPPS-P),
emotional (BDEFS_Restraint; DESR), and impulsive personality traits (UPPS-P) that have been
associated with frequency and severity of alcohol and substance use behaviors in community and
college samples (Caswell et al., 2016; Coskunpinar et al., 2013; Pedersen et al., 2016; Roberts et
al., 2014; Rooney et al., 2012). Means (SD) of the total scores for these measures were compared
across groups (see Table 8).
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In comparison to the normative sample’s BIS total score of 32.8 (6.5) (Spinella, 2007),
the overall mean (SD) BIS total score for the current sample was slightly lower, at 30.77 (7.08).
Total DESR scores ranged from 0 to 24, with a mean (SD) of 8.00 (6.02). The DESR mean
scores for the high ADHD risk groups (2, 4) were lower than the Surman et al., (2013) adult
ADHD group mean (SD) of 11.5 (5.48), while the low ADHD risk groups (1, 3) reported higher
DESR means than the 2.68 (2.23) reported by the non-ADHD adults. Thus, it appears that our
high ADHD risk samples are less emotionally impulsive than the ADHD adults in Surman et al.
(2013), while our low ADHD risk groups reported greater impairment in emotional selfregulation then the non-ADHD adults in the aforementioned study.
BDEFS Self-Restraint (i.e., inhibition) subscale total scores ranged from 4 to 16, with an
overall mean (SD) of 6.52 (2.70). While subscale means for a college student population were
not immediately available in the literature for comparison, the high ADHD risk groups (2, 4) in
our sample reported higher mean scores than the low ADHD risk groups (1, 3) (see Table 8).
Total scores from the 28 items of the Delaying Gratification Inventory ranged from 75 to
128, with a mean (SD) of 103.95 (13.84). This variable was reverse-coded to facilitate
interpretation of analyses such that higher scores would correspond to greater impulsivity (that
is, poorer ability to delay gratification). All four groups were comparable in this measure.
Finally, the UPPS-P total scores, a measure of impulsive personality traits, ranged from
7.74 to 15.32, with an overall mean (SD) of 10.88 (1.76). This mean total score is very similar to
the total score of 11.19 obtained by Roberts et al. (2014), who studied impulsivity, ADHD and
substance use in a non-clinical sample of 361 undergraduate students.
Univariate analyses of variance were conducted to determine group differences across
subjective and objective measures of impulsivity (Table 8). There were no differences among
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groups in the Delaying Gratification Inventory (F=1.53, df=3, 77, p=.21, ηp2=.06). However, the
four groups differed significantly on all other subjective impulsivity measures, with large effect
sizes, even after correcting for multiple testing (Fs=4.11-11.53, ps ≤.009, ηp2 ≥.14) (see Table 8).
Consistent with our expectations, the High ADHD risk groups (2, 4) consistently scored higher
on the impulsivity measures than their non-ADHD peers, but the two High ADHD risk groups
did not differ significantly from each other (see Table 8).
Objective Measures of Impulsivity Across Groups
In addition to self-report measures of impulsivity, participants completed two
computerized tasks: the Temporal Discounting task (TDT), which assesses preferences for
hypothetical, immediate monetary rewards, thus discounting delayed rewards, and the Stop
Signal task (SST), which is a type of go/no-go task measuring the cognitive construct of
inhibitory control. A preference for immediate rewards has been associated with substance use
disorders while poor response inhibition has been shown to predict alcohol and substance use
problems (Nigg et al., 2006).
The variable of interest for the TD task was the area under the curve, or AUC. This
variable was reverse-coded so that higher scores indicated greater preference for immediate
rewards (named TDT_R). The variable of interest for the SST was the mean stop signal reaction
time (SSRT), where higher scores indicate greater difficulty with inhibiting automatic responses.
TDT_R mean (SD) overall (N=78) score was 0.64 (0.28), with scores ranging from .01 to .99. In
a non-clinical sample of 195 adolescents (ages 12-17 years) and 142 young adults (18-27 years),
the reverse-coded TDT mean (SD) score was 0.66 (0.28) for the teens and 0.51 (0.29) for the
young adults (de Water et al., 2014). Thus, our current sample appeared to show a preference for
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immediate rewards over delayed rewards, with TDT_R means more comparable to the
adolescents than the young adults.
The SSRT mean scores ranged from 135.47 to 447.00 msec, with an overall (N=75) mean
(SD) of 244.55 (59.92) msec. Logan et al. (1997) recruited a sample of 136 college students who
completed assessments of impulsivity and inhibitory control, reporting an SSRT mean of 221ms.
A study of 151 University students in the UK (18-25 years old) compared SSRT means in low
drinkers to excessive drinkers of alcohol (determined by exceeding or not exceeding national
drinking guidelines), reporting SSRT mean (SD) of 277.45 (76.86) for the low drinkers and
258.31 (62.08) for the excessive drinkers (Caswell et al., 2016). In comparison to the 1997 nonclinical sample of students, the current sample has worse inhibitory control. However, compared
to the population of college student drinkers in the UK, our current sample appears to better
inhibit automatic responses, on average.
For the objective measures of impulsivity (TDT_R, SSRT), one-way ANOVAs were
completed with each variable separately and then with the mean objective impulsivity score
(Table 8). There were no significant differences among groups on individual objective
impulsivity measures or in the mean objective impulsivity score (Fs=.34-2.14, ps ≥.10, ηp2 ≤.08).
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Does Impulsivity Moderate the Association between Diagnostic Group and ARI Severity?
Moderation analysis was conducted using Hayes’ (2018) PROCESS to test whether
impulsivity moderated the relation between childhood ADHD symptom severity and past year
ARI severity. This analysis was done in three parts: first with subjective impulsivity as the
moderator, then with objective impulsivity as the moderator, and finally we included both
objective and subjective impulsivity as moderators in the same model.
Subjective Impulsivity as Moderator of Association Between Risk Group and ARI Severity
A significant model emerged, F (7, 72) = 5.35, p<.001, which accounted for 38% of the
variance in past year ARI severity (see Table 9). Risk group accounted for 32% of the variance.
Participants in the Low ADHD/High AUD risk group (3), B= -4.70, 95% CI= -21.69, 12.29, did
not differ significantly in severity of past year alcohol-related problems in comparison to the comorbid group (4). However, the High ADHD/Low AUD risk group (2), B= -19.46, 95% CI= 30.84, -8.07, and the Low ADHD/Low AUD risk group (1), B= -20.05, 95% CI= -31.55, -8.55,
reported less severe past year ARI relative to the co-morbid group (4). There was no significant
main effect of Subjective Impulsivity, B= 1.82, 95% CI= -8.94, 12.58, F change (1, 75) = 2.25,
p=.14, R2 change=2%. Also, there were no Group by Subjective Impulsivity interactions, F
change (3, 72) = 1.75, p=.16, R2 change= 4.5% (see Figure 2).
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Table 9.
Model Summary of Risk Group, Subjective Impulsivity, and Past year ARI Severity

Constant
Group 3
Group 2
Group 1
Subjective Impulsivity
Group 3 x Subjective Impulsivity
Group 2 x Subjective Impulsivity
Group 1 x Subjective Impulsivity

coeff

SE(HC3)

p

LLCI

ULCI

21.37
-4.70
-19.46
-20.05
1.82
8.90
-0.97
-2.28

5.65
8.52
5.71
5.77
5.4
10.8
5.64
5.45

0.0003
0.58
0.001
0.001
0.74
0.41
0.86
0.68

10.09
-21.69
-30.84
-31.55
-8.94
-12.63
-12.21
-13.15

32.65
12.29
-8.07
-8.55
12.58
30.43
10.27
8.59

Note. The reference group = Group 4 (co-morbid group). HC3= Davidson-MacKinnon heteroskedasticity-consistent
standard error estimator. Group 4 = High A DHD/High A UD risk (co-morbid group); Group 3= Low A DHD/High A UD risk;
Group 2 = High A DHD/Low A UD risk; Group 1 = Low A DHD/Low A UD risk (control group). Past Year A RI Severity=
presence of alcohol-related impairment measured using the YA P

Figure 2.
Subjective Impulsivity and Past Year ARI Severity by Risk Group
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Objective Impulsivity as Moderator of Association Between Risk Group and ARI Severity
A significant model emerged, F(7, 72) = 5.48, p<.0001, which accounted for 44% of the
variance in past year ARI severity (see Table 10). Risk group accounted for 31% of the variance.
Participants in the Low ADHD/High AUD risk group (3), B= -6.50, 95% CI= -18.51, 5.52, did
not differ significantly in severity of past year alcohol-related problems in comparison to the
Comorbid group (4). However, the High ADHD/Low AUD risk group (2), B= -18.08, 95% CI= 27.34, -8.82, and the Low ADHD/Low AUD risk group (1), B= -18.26, 95% CI= -27.65, -8.88,
reported less severe past year ARI relative to the Comorbid group (4). There was no significant
main effect of Objective Impulsivity, B= -13.88, 95% CI= -33.44, 5.67, F change (1, 75) = .095,
p=.76, R2 change= 0.1%. A marginally significant Risk Group by Objective Impulsivity
interaction was observed for the Low ADHD/High AUD risk group, p=.06, F change (3, 72) =
5.51, p=.002, R2 change=12.9%. Based on the data visualized in Figure 3, the Comorbid group
(4) appears to have higher past year ARI severity mean scores compared to Group 3 at low levels
of objective impulsivity.
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Figure 3.
Objective Impulsivity and Past Year ARI Severity by Risk Group
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Objective and Subjective Impulsivity as Moderators of Risk Group and Past Year ARI Severity
Association
Moderation analysis with Risk Group, Objective and Subjective Impulsivity as
predictors, and past year ARI severity as the outcome measure, resulted in a significant model, F
(11, 67) = 3.85, p<.0003, that accounted for 48% of the variance in past year ARI severity (see
Table 11, Figure 4). Risk group accounted for 31% of the variance. Participants in the Low
ADHD/High AUD risk group (3), B= -2.54, 95% CI= -18.01, 12.92, did not differ significantly
from the co-morbid group (4) in severity of past year alcohol-related problems. In contrast, the
High ADHD/Low AUD risk group (2), B= -16.81, 95% CI= -27.41, -6.21, and the low
ADHD/Low AUD risk group (1), B= -17.49, 95% CI= -28.20, -6.77, reported less severe past
year ARI relative to the co-morbid group (4) (ps≤.002). There were no significant main effects of
Subjective Impulsivity, B=3.08, 95% CI= -9.74, 15.89, or Objective Impulsivity, B= -14.59,
95% CI= -34.88, 5.70, F change (2, 73) = 1.11, p=.34, R2 change=2%. Adding Group by
Subjective Impulsivity and Group by Objective Impulsivity interactions significantly improved
the model, F change (6, 67) = 3.03, p=.01, R2 change=14%, but no Group by Subjective
Impulsivity and no Group by Objective Impulsivity interactions surpassed threshold for
statistical significance, all ps ≥ 0.06, (see Table 11), and there were no significant unconditional
interaction effects (ps≥ .29).
As modeled in Figure 4, compared to the Comorbid group (4), the two Low AUD risk
groups (1, 2) maintain low mean past year ARI severity scores at low, average and high levels of
objective and subjective impulsivity. Although trending significance, the Low ADHD/High
AUD risk group (3) appears to be the group whose mean past year ARI severity scores are most
affected by changes in objective impulsivity, such that their ARI increases as objective
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impulsivity also increases. Again, although not significant, there is a trend for Group 3 to surpass
Group 4 in past-year ARI severity mean score at high levels of objective impulsivity.

Figure 4.
Objective and Subjective Impulsivity, and Past Year ARI Severity by Risk Group
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Urgency
Positive and negative urgency have been shown to predict ARI in college students with
and without ADHD (Pedersen et al., 2016; Roberts et al., 2014), thus separate moderation
analyses were completed to determine whether positive urgency or negative urgency subscales
from the UPPS-P predicted group differences in past year ARI severity in our sample.
Positive Urgency. A significant model emerged, F (7, 73) = 6.29, p<.0001, which
accounted for 45% of the variance in past year ARI severity (see Table 12). Risk group
accounted for 32% of the variance. Participants in the Low ADHD/High AUD risk group (3), B=
-7.29, 95% CI= -17.93, 3.35, did not differ significantly in severity of past year alcohol-related
problems in comparison to the Comorbid group (4). Conversely, the High ADHD/Low AUD risk
group (2), B= -18.62, 95% CI= -26.71, -10.52, and the Low ADHD/Low AUD risk group (1),
B= -18.86, 95% CI= -27.30, -10.42, reported significantly less severe past year ARI means
relative to the Comorbid group (4) (ps<.00001).
There was also a significant main effect of Positive Urgency, B= 11.35, 95% CI= 0.85,
21.84, F change (1, 76) = 10.17, p=.002, R2 change= 8%, where higher values of Positive
Urgency were associated with greater past year ARI severity, collapsing across Risk Groups.
Marginally significant Risk Group by Positive Urgency interactions emerged for the Low
ADHD/Low AUD and High ADHD/Low AUD risk groups, F change (3, 73) = 2.49, p=.067, R2
change=6%. As seen in Figure 5, the Low AUD risk groups (1, 2) have consistently low past
year ARI mean scores irrespective of levels of positive urgency, compared to the Comorbid
group. Both High AUD risk groups (3, 4) show a positive association between positive urgency
and past year ARI severity mean scores.
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Figure 5.
Positive Urgency and Past Year ARI Severity by Risk Group
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Negative Urgency. A significant model emerged, F (7, 73) = 5.33, p<.0001, which
accounted for 40% of the variance in past year ARI severity (see Table 13). Risk group
accounted for 32% of the variance. Participants in the Low ADHD/High AUD risk group (3), B=
-7.00, 95% CI= -18.71, 4.72, did not differ significantly in severity of past year alcohol-related
problems in comparison to the Comorbid group (4). Similar to earlier findings, the Low AUD
risk groups (1, 2) differed significantly from the Comorbid group, reporting lower past year ARI
severity mean scores (ps<.00001). There was no main effect of Negative Urgency, F change (1,
76) = 3.50, p=.065, R2 change= 3%. Also, there were no Negative Urgency by Risk Group
interactions (ps > 0.36), F change (3, 73) = 2.26, p=.09, R2 change= 6%.

69

Figure 6.
Negative Urgency and Past Year ARI Severity by Risk Group

Summary
Our second hypothesis was to explore whether impulsivity moderated the relation
between clinical risk group and past year ARI severity. We reported subjective and objective
impulsivity mean scores for the overall sample and between group comparisons on these
constructs. In terms of subjective impulsivity measures, mean scores for the high childhood
ADHD groups (2, 4) were significantly higher than for the low childhood ADHD groups (1, 3)
on all subjective measures except for the self-reported capacity for delayed gratification. There
were no significant group differences observed on the objective measures of impulsivity.
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Moderation analyses with subjective and objective impulsivity as predictors of past year
ARI severity were completed, first with each variable as a separate moderator and then with both
as moderators in a third model. All three models were statistically significant. Group 1 and
Group 2, or the low AUD risk groups, reported significantly lower past year ARI severity than
the reference group, Group 4 (Comorbid group), on all three models. There were no significant
differences in mean past year ARI severity scores between the two High AUD risk groups (3, 4)
in any of the three models.
Lastly, two additional moderation analyses were completed, with positive urgency and
negative urgency as separate predictors of past year ARI severity. Both models were significant,
but no significant differences were observed between the two high AUD risk groups (3, 4). There
was a main effect of positive urgency such that increases in positive urgency were related to
greater past year ARI severity, but no similar main effect of negative urgency.
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Chapter V: Discussion
Childhood ADHD symptoms pose a significant risk for alcohol and other substance use
problems in later adolescence and young adulthood (Molina et al., 2018). Although college is a
time when increased alcohol consumption is normative for young adults aged 18 to 25, students
with ADHD appear to be more vulnerable to greater alcohol-related problems while maintaining
the same drinking pace as their non-ADHD peers. Increasingly, studies on college students with
and without ADHD are showing that those with ADHD are more prone to physical injury and to
interpersonal conflict following alcohol use, and are at greater risk for alcohol dependence than
their non-ADHD peers (Baker et al., 2012; Blasé et al., 2009; Rooney et al., 2012). Given these
adverse outcomes, it is essential to understand factors that might increase students’ vulnerability
to alcohol-related impairment.
Utilizing a racially and ethnically diverse sample of full-time college students, the current
study examined whether elevated childhood symptoms of ADHD were associated with more
severe ARI in adulthood compared to same-aged peers with comparable rates of alcohol use, but
lower childhood ADHD symptomatology. Additionally, this study also explored whether
subjective and/or objective measures of impulsivity moderated the relation between clinical risk
group and past year ARI severity. There is a paucity of published literature on ADHD in racial
and ethnic minoritized groups, so this is one of the first studies, to our knowledge, to explore
these important risk factors in such a diverse sample. Further, much of the extant literature on
ADHD in college students has been on samples of students who mostly live on-campus. Thus,
our sample, of mostly commuter full-time college students, is unique in this way as well.
We devised a two-part study utilizing widely used self-report screening tools to identify
individuals with elevated childhood symptoms of ADHD (WURS; Wender et al., 2003) and
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risky alcohol use in adulthood (AUDIT; Saunders et al., 1993). The second part of the study
included a diagnostic interview (M.I.N.I; Sheehan et al., 1998) and a Time-Line Follow-Back
(TLFB) interview about alcohol use in the prior thirty days. This study design was effective in
grouping participants by childhood ADHD symptomatology and AUD risk. The AUDIT and
TLFB were useful tools in creating two High AUD risk groups with comparable rates of alcohol
use. The Comorbid group of elevated childhood ADHD symptoms and high AUD risk reported
similar drinking patterns as the Low ADHD/High AUD risk group.
To be included as High childhood ADHD risk in this study, participants had to report a
history of developmentally inappropriate inattention and/or hyperactivity/impulsivity before age
12, but we intentionally did not require a pre-existing childhood ADHD diagnosis for study
participation. This was for two main reasons. First, we sought to capture a broader range of
ADHD presentations, consistent with the notion that ADHD behaviors exist along a continuum
rather than discrete categorical units (Frick & Nigg, 2012). Furthermore, given the racial and
ethnic diversity of the sample, as well as high percentage of students from immigrant family
backgrounds, many of our students may have never been formally evaluated for ADHD in
childhood (Bussing et al., 2003). Consistent with this, only one individual who took part in this
study had a formal diagnosis of ADHD for which they were being treated with stimulant
medication. Instead, we decided on the WURS as an initial screening measure and the MINI as a
diagnostic interview as part of the in-person evaluation. This two-part screening and evaluation
appeared to have good criterion validity. Individuals identified as having elevated ADHD
symptoms, and categorized as High ADHD risk via this method, reported greater familial
psychiatric and learning disorder histories, were significantly more likely to have tried an illegal
substance, and were a younger age when they first tried an alcoholic drink compared to those
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identified as Low ADHD risk. All of these findings are consistent with published studies on
mostly White participants with elevated childhood ADHD (Biederman et al., 2008; Lee et al.,
2011; Molina et al., 2018). The two High ADHD risk groups (1, 2) were also distinguished from
the Low ADHD risk groups in self-reported impulsivity measures, with the ADHD groups
reporting significantly higher scores on measures of cognitive (BIS), emotional (DESR, BDEFS
Self-Restraint), motor (BIS), and trait impulsivity (UPPS-P). This is also consistent with an
abundance of literature (Egan et al., 2017; Ortal et al., 2015; Roberts et al., 2014; Surman et al.,
2013).
Sample Characteristics
Demographic, Academic and Clinical Variables
This study was unique in its recruitment of a sample largely underrepresented in the
literature. Eighty-one full-time 18- to 25-year-old college students completed this two-part
research study exploring drinking habits in students with High and Low childhood ADHD
symptoms, and at High and Low risk for an AUD. Participants were mostly Latinx (48%),
female (74%), and living off-campus (90%) with their families (86%). Almost half of
participants reported an annual household income of $30,000 or less and nearly 60% reported
their parents’ highest level of education as a high school diploma or lower. Thus, our study
population represents a diverse, low-SES group of mostly female college students who live offcampus with their parents/families.
In terms of academic characteristics, the majority of participants self-reported their GPA
as falling in the 3.00-4.00 range (65%), and there were no differences on this measure of current
academic performance by ADHD/AUD risk group status. Despite half of the sample being
recruited because of their history of significantly elevated childhood ADHD symptoms and
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approximately one third (36%) of participants stating that they have a family member who likely
has a specific learning disorder (SLD), fewer than 10% of the sample reported a lifetime history
of any of the following: repeating a grade, use of an Individualized Education Plan (IEP) or
Disability Services, or having a SLD themselves. The disconnect between the few participants
who have a history of SLD in comparison to the larger percentage who reported a definite or
possible family history of a SLD may be indicative of a gap in access to psychoeducational
evaluation services for our racially and ethnically minoritized students. Consistent with this, of
the six participants who reported a lifetime history of a SLD, only one individual stated they
currently utilized Access Ability (disability) services in college. Further, it has been shown that
even though a student may qualify for academic accommodations, it does not necessarily mean
that they utilize them in practice (Chew et al., 2009). There may be several reasons for this.
Those who may have received accommodations in prior academic settings may not want to feel
alienated from their peers in college, or they may have relied on parents advocating for
educational services and may not know how to access them on their own in college. It is also
possible that the executive functioning and behavioral difficulties associated with their
developmental disorder impede their ability to access the services to which they are entitled (e.g.,
forgetting to take their accommodations form to their professor). Additional research is needed to
characterize any gaps in evaluating learning problems in young adults who present with
academic difficulties in college, while also investigating disability services utilization in college
settings by students who qualify for accommodations.
We also characterized the sample and compared groups on relevant clinical variables.
More than half the participants in the sample were under the legal drinking age of 21, with 80%
reporting ever having consumed an alcoholic drink. There were no ADHD/AUD risk group
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differences in age at first alcoholic drink. However, when the sample was grouped by childhood
ADHD symptom level, those with elevated childhood symptoms of ADHD reported a younger
age of first alcoholic drink. However, no other drug or alcohol use variables were significantly
different between groups when comparing groups by high/low childhood ADHD symptoms.
There was a significant difference between the four risk groups in age at regular drinking, but the
difference was driven by the high AUD risk groups (3, 4), who were more likely to report regular
drinking than the low AUD risk groups. There was no difference in age of regular alcohol
consumption between the High ADHD/High AUD risk and Low ADHD/High AUD risk groups.
This is contrary to recent findings from the Multimodal Treatment Study of ADHD (MTA)
longitudinal study, which showed that individuals with childhood ADHD escalated their alcohol
and non-cannabis substance use slightly faster than their non-ADHD peers (Molina et al., 2018).
An earlier initiation and faster progression to regular use in our sample would likely be reflected
in an earlier age of regular use for the High ADHD risk/High AUD risk group. The MTA study
comprises 547 children diagnosed with ADHD (mean age 8.5 years) and 258 classmates without
ADHD, which they termed the “local normative comparison group (LNCG), prospectively
followed into adulthood to the age of 25 (MTA; MTA Cooperative Group, 1999). Significant
findings from Molina et al. (2018) showed that those diagnosed with ADHD in childhood
initiated use of alcohol, cigarettes, cannabis, and illicit drugs at an earlier age than their nonADHD peers. We found an earlier age of alcohol use initiation in the combined High childhood
ADHD symptom groups (2, 4), but no other differences on alcohol or drug use. Even with a large
sample, the authors only found a “slight” difference between the ADHD and non-ADHD group
on escalation of alcohol use, so it is unlikely we would have had sufficient power to find more
pronounced differences in a significantly smaller sample.
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There were significant group differences in lifetime drug use, with the Comorbid group
more likely to have ever used an illicit drug than the other three groups. Overall, about half the
sample reported ever using an illicit drug, 31% reporting regular use, and 30% of the total
sample’s DUDIT scores falling in the high-risk range. The Comorbid group (4) was significantly
more likely to have high DUDIT risk scores compared to Groups 1 and 2. The illicit drug most
commonly used, and the only substance use regularly in our sample, was cannabis or marijuana.
In comparison to the nonclinical college sample of Roberts et al. (2014), a larger percentage of
our participants reported marijuana use compared to their 23.3%. This may be due to changes in
legislation related to cannabis use, particularly in New York, where marijuana was
decriminalized in August of 2019.
In summary, participants with High childhood ADHD risk first consumed alcohol at an
earlier age, and those in the High AUD risk groups were more likely to have had a full drink of
alcohol and/or drink alcohol regularly. The Comorbid group (4) differed significantly from all
other groups in terms of likelihood of lifetime psychoactive drug use and family psychiatric
history. Thus, the clinical characteristics of the sample illustrated significant differences in across
groups, consistent with the group selection criteria.
Challenges Grouping Participants by Childhood ADHD and Adult AUD Risk
As described in the Method section, participants were preliminarily grouped into four risk
categories based on their responses to the WURS (Wender et al., 1993) and AUDIT (Saunders et
al., 1993) questionnaires. Following completion of the Part Two laboratory-based evaluation,
participants responses to the M.I.N.I diagnostic interview and the TLFB were integrated with
their screening questionnaire responses, which resulted in 11 participants being re-categorized.
Some of these participants were subthreshold on the alcohol use screening questionnaire, but
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then met diagnostic criteria for an AUD following the Part Two diagnostic interview.
Differences in self-report between the questionnaire and the diagnostic interview may be due to
the rapport that the evaluator built with the participant, enabling the participant to feel
comfortable disclosing more hazardous alcohol consumption. It may also be that the additional
structure provided by the diagnostic interview aided participants’ recall of behaviors and
episodes of problematic alcohol consumption.
Other participants met criteria for ADHD in adulthood following the diagnostic
interview, but had subthreshold scores on the childhood ADHD screening questionnaire. Many
of these cases were relatively straight forward because their screening scores were very close to
the established cut off, and/or during their interview, participants described the onset of
symptoms and impairment as occurring before age 12. However, there were three participants
whose cases were not straight forward and were considered “borderline” ADHD cases. These
individuals reported sufficient current symptoms to meet the DSM-5 threshold for adult ADHD,
but in their interview, they did not recall these symptoms appearing prior to the age of 12 and
their childhood ADHD symptom score on the WURS did not meet the cut-off threshold. After
much discussion, these individuals were classified as Low ADHD/High AUD risk, consistent
with DSM-5 criteria, which requires some symptom onset prior to age 12. 1 The difficulties in
determining group membership for these so-called “borderline” cases likely parallels the
diagnostic challenges encountered in clinical practice, particularly when adults are presenting to
a health care provider for evaluation and treatment for the first time. Where one provider may
have given these individuals an ADHD diagnosis, another would not, reflecting that both
researchers and clinicians appear to struggle with “late-onset” presentations of adult ADHD.

1

Analyses were re-run with these participants categorized as High ADHD/High AUD, with no change in findings.
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Research shows that after age 18, the “late-onset” cases report comparable number of ADHD
symptoms, functional impairment, social problems, family risk patterns and psychiatric comorbidities as individuals whose ADHD symptoms persisted into adulthood (Agnew-Blais et al.,
2016; Chandra et al., 2016). However, other research suggests that so-called “late-onset” cases
are relatively rare, once other psychiatric illnesses and/or substance use, which may be driving
symptom presentation, are accounted for (Ahmad et al., 2019; Sibley et al., 2018). The predictors
and characteristics of individuals with a “late-onset” presentation is a rapidly growing area of
research in the ADHD field (e.g., Liu et al., 2021; Murray et al., 2020).
Aim 1: Do Students with a History of High Childhood ADHD Symptoms Report Greater
Alcohol-Related Impairment than their non-ADHD Peers, who show Comparable Alcohol
Consumption?
The primary aim of this study was to determine whether college students with elevated
childhood ADHD symptoms report greater frequency and severity of alcohol-related problems in
adulthood than with their Low childhood ADHD peers who report similar adult alcohol use
patterns. Quantity and frequency of alcohol use was measured using the Time-Line Follow-Back
interview, which captures alcohol use patterns for the past 30 days, in standard drink units
(niaa.nih.gov). Overall, our sample reported an average of 2 drinks per drinking day (SD=2.3)
over the past 30 days. However, since the Low AUD risk groups (1, 2) comprise a majority of
individuals who never had a full drink of alcohol, the mean (SD) of the combined High AUD
risk groups is perhaps more informative when comparing to other college samples. The High
AUD risk groups (3, 4) reported a mean (SD) of 3.63 (2.06) alcoholic drinks per drinking day
and averaged 5.43 (SD=4.80) drinking days over the past 30 days. These means are lower than
the quantities and frequencies reported in Elmore et al. (2018), who recruited a large sample
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(N=740) of mostly female (72.1%) college students with and without ADHD from public
universities in the Midwest and Southeast. They reported an average of 5.43 (SD=7.12) drinks
per drinking session over 6.23 (SD=4.86) drinking days over the past 30 days (Elmore et al.,
2018).
According to the 2017 National Survey on Drug Use and Health (NSDUH),
approximately 36.9% of young adults aged 18 to 25 reported engaging in binge drinking during
the previous month and nearly 10% in the same age group reported heavy drinking over the past
month (SAMHSA, 2018). The NSDUH changed their definitions of binge drinking from the
previous years, which was the same for both men and women, to five drinks per drinking
occasion for men and four drinks per occasion for women (SAMHSA, 2018). Heavy drinking
was defined as having five or more drinks per drinking occasion, five or more times in the past
month. For our sample, the incidences of binge-drinking and heavy drinking were below the
national norms, regardless of ADHD risk status. Consistent with risk group selection criteria, the
high AUD risk groups (3, 4) reported similar alcohol use patterns over the past 30 days, based on
the TLFB. As expected, the High AUD risk groups (3, 4) scored significantly higher than the
Low AUD risk groups (1, 2) on all alcohol use variables. Several studies exploring alcohol use in
college students with and without ADHD have also reported similar alcohol consumption
patterns across ADHD status (Baker et al., 2012; Busch et al., 2019; Rooney et al., 2012),
suggesting a more global risk of AUD for the 18 to 25-year-old college student age group.
Despite similar rates and frequency of use, however, college students with ADHD report
greater ARI severity and risky drinking behaviors than their non-ADHD peers (Rooney et al.,
2012). In our sample, participants in the High ADHD risk groups did not necessarily have to
have a formal ADHD diagnosis, however they did have to have developmentally inappropriate
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levels of ADHD symptoms in childhood. There is a large body of evidence to show that even
when individuals’ symptoms remit from their childhood peak, impairment levels do not remit to
the same degree, and they continue to experience marked adaptive functioning difficulties in
adulthood (Faraone et al., 2006). Thus, we still expected that those with elevated childhood
ADHD symptoms would report significantly greater severity of alcohol-related problems in
comparison to their peers with few childhood ADHD symptoms and similar alcohol use patterns.
Alcohol-related impairment comparisons between the High AUD risk groups (3, 4) had
mixed findings. In our sample we did not find any significant differences in ARI severity
between Groups 3 and 4, as measured by the YAP. The data trended towards Group 4 reporting
greater alcohol-related impairment severity than Group 3, but no differences in number of pastyear ARI or end of semester GPA were observed between the two High AUD risk groups.
However, a significant difference between the two High AUD risk groups emerged on the
Hazardous Use subscale of the AUDIT, with the Comorbid group (4) reporting higher scores
than the Low ADHD/High AUD risk group (3). Thus, we established comparable frequency and
rates of alcohol use between the two High AUD risk groups (3, 4), and observed a trend towards
greater past year ARI severity and significantly more risky and impairing alcohol use over the
past year for the Comorbid group (4) relative to the Low ADHD/High AUD risk group (3).
These findings are consistent with literature in clinical SUD samples, where ADHD
appears to increase the likelihood of risky behaviors in comparison to non-ADHD substance
users. An Australian study of risk-taking in an adult population of SUD treatment seekers with
and without ADHD found that adult ADHD symptomatology was independently associated with
greater odds of risky driving behaviors and negative consequences, such as driving without a
seatbelt, greater likelihood of at-fault vehicular accidents, and having their license suspended
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compared to their non-ADHD peers (Kaye et al., 2014). The authors found that within their adult
SUD treatment-seeking population, there were the expected elevated risk-taking behaviors.
However, for those with co-occurring ADHD symptoms, the propensity for risk-taking was
further increased, especially in terms of driving practices (Kaye et al., 2014). A more recent
study on an American undergraduate college sample (total N=197) found that impulsivity
explained the relation between a positive ADHD diagnostic history and risk of illicit drug use
and alcohol abuse (Egan et al., 2017). The college students with past diagnoses of ADHD (n=24)
reported higher rates of impulsivity, which, in turn, increased the likelihood of problematic
alcohol use and illicit substance use. This leads to our second aim for the study, which was to
determine whether impulsivity moderated the relation between risk status and past year ARI
severity.
Aim 2: Does Impulsivity Moderate the Relation between Clinical Status and AlcoholRelated Impairment?
The second aim of this study was to explore whether subjective and objective measures
of impulsivity moderated past year ARI severity. Elevated levels of impulsivity have been
associated with ADHD, AUD, and alcohol related problems (Rooney et al., 2015). From an
additive risk perspective, we expected that that the High ADHD/High AUD risk group would
report greater ARI severity in comparison to the high AUD/low ADHD risk group (3), especially
when trait impulsivity levels were high.
Overall sample characteristics of self-report measures of impulsivity were comparable to
those observed in other adult populations, with slightly lower mean scores on the overall
emotional impulsivity (DESR), emotional drivers of alcohol consumption (UPPS-P) and trait
impulsivity (BIS). When looking at differences across the risk groups within this study’s sample,
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there were no group differences in ability to delay gratification, based on mean DGI scores. This
is likely due to the 7 missing questions for all study participants, which prevented adequate
interpretation and scoring of the subscales. It is possible that differences between groups would
have emerged had participants completed all 35 DGI items. However, the High childhood
ADHD risk groups (2, 4) scored significantly higher on all other subjective impulsivity measures
than the Low ADHD risk groups (1, 3).
In terms of objective impulsivity, overall sample performance on the temporal
discounting task (TDT) showed a preference for smaller, immediate rewards across groups, with
elevated mean scores in comparison to other adult samples in the same age range (de Water et
al., 2014). In fact, performance on the TDT for our sample most resembled that of the adolescent
sample in de Water et al.’s (2014) study. There may be a few reasons for the high discounting of
delayed rewards in our sample. First, it is likely due to the fact that the monetary rewards were
only hypothetical, which have been found not to correlate strongly to real rewards for larger
sums of money (Scheres et al., 2010). Another possibility is that age may play a role in valuation
of immediate rewards, given that over half our sample was between 18 and 19 years old. In
comparison to older participants in the sample, the 18 to 19-year-olds may be more impulsive
overall.
Mean stop signal rection times (SSRT) in our sample suggested a greater capacity to
inhibit automatic responses than those in a UK sample of university students (undergraduate and
graduate) in a similar age range (Caswell et al., 2016). However, our participants appeared more
impaired in their inhibitory control than a 1997 sample of U.S. college students (Logan et al.,
1997) for the stop signal task (SST).
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Although it is unclear what is driving the TDT and SST results for our participants, one
factor that likely impacted results was the missing data for objective impulsivity tasks. Six
participants were missing SST data and three participants were missing TDT data, and out of the
nine participants, 7 were in the High ADHD risk groups (2, 4). The greater proportion of missing
data from individuals, who at least theoretically, should have greater executive functioning
deficits may have contributed to the lack of group differences observed on these objective tasks.
Moderation analyses with subjective and objective impulsivity as predictors of past year
ARI severity were completed, first with each as a separate moderator and then with both as
moderators in a third model. Consistent across the three different models, the Low AUD groups
(1, 2) reported lower past year ARI severity mean scores than the Comorbid group (4),
collapsing across levels of subjective and objective impulsivity. In part, this may be because 41%
of the Low AUD risk groups had never had a drink of alcohol, which restricted the range of YAP
severity scores for those two groups. The High AUD risk groups had a YAP severity range of 0
to 75, whereas the two Low AUD risk groups reported a range of scores from 0 to 15, with only
2 of the 39 participants in the low AUD risk groups scoring above 7.
The Low ADHD/High AUD risk group did not differ significantly from the Comorbid
group on past year ARI severity and there were no statistically significant interactions between
subjective and objective impulsivity and risk group for past year ARI severity observed in our
sample. There was a trend towards an interaction between Objective Impulsivity and past year
ARI severity for Group 3 (p=0.06) such that at higher levels of objective impulsivity, the Low
ADHD/High AUD risk group reported greater severity of alcohol-related problems.
For the Comorbid group (4), there were no significant or marginally significant findings
in the moderation analyses with global subjective and objective impulsivity variables as
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predictors. Across various levels of subjective and objective impulsivity, past year ARI severity
remained high for Group 4. For the objective impulsivity moderation analysis, the absence of an
interaction or even a trending result for the Comorbid group may have been due to missing data
and the pattern of elevated discounting of delayed rewards observed in TDT performance across
all groups. In addition, it may be that examining the global constructs of subjective and objective
impulsivity obscures a more nuanced association between facets of impulsivity and the severity
of negative alcohol use outcomes.
Various studies exploring impulsivity traits and alcohol and substance use have reported
associations between specific impulsivity constructs and alcohol use frequency and/or negative
outcomes. Consistent with this, strong associations have been shown between positive and
negative urgency on the UPPS-P and problems related to alcohol use (Coskunpinar et al., 2013;
Daurio et al., 2017; Pedersen et al., 2016). Positive and negative urgency refer to impulsivity
related to emotionally salient events, such as celebrations or interpersonal conflict. Individuals
with high positive urgency may get carried away at parties or other celebratory events, leading to
adverse consequences. Conversely, individuals who experience negative emotional events, such
as an argument with a significant other or a poor grade on a test, may reach for alcohol or
substances as a way to cope with the negative feelings. Thus, based on extant literature
suggesting an association between Urgency subscales of the UPPS-P and alcohol-related
problems, two additional moderation analyses were completed, with positive urgency and
negative urgency as separate predictors of past year ARI severity. Results from these analyses
showed a main effect of positive urgency, such that increases in positive urgency were related to
greater past year ARI severity. There was a marginally significant interaction between positive
urgency and past year ARI severity for the Low AUD risk groups (1, 2). This is consistent with
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the results from the other moderation analyses which showed that for Groups 1 and 2, past year
ARI severity remained low across all levels of impulsivity and significantly different from the
Comorbid group (4). There were no significant main effects or interactions observed for negative
urgency as a predictor of past year ARI severity.
These findings on urgency as a predictor of alcohol-related problems are somewhat
consistent with the literature. We did find that positive urgency predicted past year ARI severity,
but there were no significant differences between the Comorbid group and the Low ADHD/High
AUD risk group. We also did not find any significant or marginally significant effects of
negative urgency on ARI severity in our sample, which is consistent with study findings from a
non-clinical sample of 418 first-year college students, showing that elevated positive urgency
(and not negative urgency) was associated with an increased risk for negative outcomes
following alcohol use (Cyders et al., 2009). Conversely, findings reported in a meta-analysis of
96 studies investigating facets of impulsivity as measured by the UPPS and alcohol use
(Coskunpinar et al., 2013) showed that alcohol consumption was best predicted by lack of
perseverance, while drinking problems were most related to negative and positive urgency, with
negative urgency most highly associated with alcohol dependence (Coskunpinar et al., 2013). A
more recent study with a mixed clinical and non-clinical adult population found that negative and
positive urgency mediated the relationship between ADHD symptoms in adulthood and severity
of alcohol dependence (Daurio et al., 2017). Pedersen and colleagues (2016) reported UPPS-P
and alcohol use data from the Pittsburgh ADHD Longitudinal Study (PALS), finding that
individuals with childhood ADHD reported more alcohol problems in adulthood than the adults
without childhood ADHD, and that this association was mediated by both positive and negative
urgency (Pedersen et al., 2016). Lastly, a recent study with a sample of 197 undergraduate 18- to
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25-year-olds (n=24 with diagnostic histories of ADHD) reported that impulsivity as a whole
mediated the association between an ADHD diagnostic history and the risk of alcohol, tobacco,
cannabis, and illicit drug use (Egan et al., 2017). In their sample, negative urgency specifically
predicted greater likelihood of alcohol and substance use for those with diagnostic histories of
ADHD, while high positive urgency was associated with a decreased likelihood of cannabis use
in the past year (Egan et al., 2017). The authors did not report on alcohol- or substance-related
impairment, but these findings illustrate the heterogeneity of ADHD presentations and varied
risks for alcohol and substance use problems. We did not explore whether any facets of
impulsivity were predictive of frequency and quantity of alcohol or illicit substance use, as it was
beyond the scope of our current research questions, but it is worth exploring in future studies.
For college students with and without ADHD, distinct facets of impulsivity contribute
differently to risky alcohol use and the severity of consequences, as evidenced by positive
urgency predicting past year ARI severity while negative urgency and more global impulsivity
variables did not. Positive and negative urgency refer to emotional motivators for use and the
inability to inhibit impulsive behavioral responses to emotional triggers. In our sample, the High
ADHD risk groups (2, 4) scored significantly higher on the DESR, a measure of emotion
dysregulation, than the Low ADHD risk groups (1, 3), so one would expect that the Comorbid
group would be more affected by positive and negative urgency than Group 3 in terms of past
year ARI severity.
The absence of High AUD risk group differences may be due to several factors: first,
unlike the PALS study, we did not require or establish a childhood ADHD diagnosis for study
participation. It is possible that our ADHD risk sample represents a more high-functioning
sample of college students or that there are protective environmental factors that affect ARI
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severity in this group (such as living with family). Second, there is likely an issue of power, such
that a larger sample would have surfaced existing differences between groups in ARI severity differences that were trending in our study.
Third, it may be that expression or salience of impulsive personality vary by context
(outside of a lab setting) and that these fluctuations are associated with alcohol use patterns and
negative outcomes for adults with childhood ADHD symptom histories. Pedersen and colleagues
(2019) recruited 211 adult drinkers (54% ADHD, 75% male) to complete questionnaires on pastyear alcohol use and alcohol-related problems as well as a 10-day ecological momentary
assessment (EMA) of impulsive personality states, using a 19-item modified UPPS-P
questionnaire. The authors found that those with ADHD histories reported greater variability in
several domains of state impulsivity (negative urgency, positive urgency, sensation seeking),
compared to the non-ADHD group, though only sensation seeking distinguished the ADHD and
non-ADHD groups after accounting for global trait impulsivity. Importantly, fluctuations in state
impulsivity domains of negative urgency and lack of planning were related to the frequency of
having 5 or more drinks and number of alcohol problems, but only for the ADHD group.
Similarly, greater fluctuation in positive urgency was associated with number of alcohol
problems, but only for the ADHD group (Pedersen et al., 2019). The authors posited that adults
with ADHD histories may be more emotionally reactive to affectively laden life events, which
can strengthen the association between variability in urgency, alcohol use patterns, and ARI.
Relevant to our sample, it could be that trait impulsivity did not distinguish the Comorbid group
from the Low ADHD/High AUD risk group on ARI severity, but that state fluctuations in these
domains of impulsivity would have better characterized their impact on severity of alcoholrelated problems.
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Regardless of ADHD risk status, our findings show that the tendency to behave
impulsively during positive emotional states is associated with the severity of negative outcomes
following alcohol use, potentially particularly for college students at risk for an AUD. This
finding has important implications for targeted interventions on college campuses.
Clinical Implications and Protective Factors
Under-diagnosis of ADHD
The clinical implications of the sample characteristics are significant. We recruited a
racially and ethnically diverse sample of college students who were under-identified and undertreated for ADHD and at high risk for mental health, alcohol and/or substance use problems
based on reported family history. There were no racial/ethnic differences between risk groups in
this sample, which is consistent with published research showing school-aged racially
minoritized groups having significantly fewer ADHD diagnoses than their White peers (Morgan
et al., 2013; Morgan et al., 2014; Winterstein et al., 2016), but not ADHD symptomatology
(Morgan et al., 2014). Numerous studies and review articles have investigated the potential
barriers to differences in ADHD diagnosis, treatment, and treatment adherence between racial
groups, proposing that mental health stigma, cultural factors, mistrust, implicit racial bias,
language, and lack of psychoeducation are all potential contributors to the differences observed
across studies (Slobodin & Masalha, 2020). Given the poor clinical outcomes of untreated
ADHD (Nigg, 2013), improving access and utilization of mental health services, and identifying
implicit bias in the field, are crucial steps to addressing these disparities.
Apart from the challenge of ensuring equitable access to mental care to facilitate an
ADHD diagnosis and treatment, there are additional treatment hurdles across racial groups.
Despite mounting evidence that medication treatment for ADHD can mitigate numerous adverse
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outcomes associated with the disorder (Biederman et al., 2009), several studies have shown that
for children, adolescents and adults with ADHD, adherence to stimulant medication was below
50% (Biederman et al., 2019; Biederman et al., 2020; Li et al., 2017). Perwien and colleagues
(2004) reported that 84% of children and 88% of adults with ADHD did not persist with ADHD
medication treatment for longer than two months. A recent systematic literature review (Gajria et
al., 2014) noted several reasons for ADHD medication discontinuation provided for most studies
included in the review, primary among them was adverse effects of medication. Other reasons
were dosing inconvenience, lack of reduction of ADHD symptoms, and social stigma associated
with the medication. It is noteworthy that across studies the probability of treatment persistence
was greater for those prescribed long-acting formulations (Gajria et al., 2014; Li et al., 2017).
However, these data show that despite the efficacy of pharmacotherapy for ADHD, sociocultural
factors can limit treatment access and adherence, perhaps underscoring the need for a more
broadly-applied, multi-modal approach to prevention and intervention protocols.
College-Based Intervention Strategies
Despite the lack of significant differences in ARI severity between the two high AUD
risk groups, these data show how vulnerable at-risk college drinkers are to negative outcomes
following alcohol use, especially for those who tend to behave impulsively when they’re in a
good mood, across ADHD risk status. From a clinical perspective, it presents an opportunity for
psychoeducation and intervention that can be used broadly on college campuses. Several studies
have demonstrated the effectiveness of protective behavioral strategies (PBS) on reducing
problem drinking behaviors and adverse outcomes in both adolescent (Doumas et al., 2017) and
college populations (Araas & Adams, 2008; Looby et al., 2021). PBS fall into three categories of
harm-reduction tactics aimed at reducing risky drinking patterns and negative consequences,
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namely: serious harm reduction (SHR; e.g., not leaving drinks unattended, having a designated
driver), stopping/limiting drinking (SLD; e.g., setting a time to stop drinking, drinking more
slowly), and manner of drinking (MOD; e.g., avoiding drinking games) (Martens et al., 2005).
These strategies have been employed in various at-risk populations to target impulsive
personality traits (such as sensation seeking), and problem drinking behaviors, but have also
been shown to reduce the risk of ARI in a broad sample (N=29,792) of college students (Araas &
Adams, 2008). In college students with ADHD, the relation between PBS and alcohol related
problems is more variable. Howard and Pritchard (2017) found that heavy drinking and alcohol
problems were predicted by the desire to enhance positive mood (and not to cope with negative
mood) for the whole sample (N=177, ADHD n=31), but no ADHD diagnosis-related moderation
effects of protective behavioral strategies on ARI were observed.
In a large sample of 875 college students from three universities, however, ADHD
symptom level was a significant moderator of the relation between PBS and alcohol use and
ARI, such that for students high in inattention and low utilization of protective behavioral
strategies, alcohol use and ARI were high, particularly for males (Looby et al., 2021). The
association between PBS and ARI was more significant for students with elevated inattention or
hyperactive/impulsivity symptoms of ADHD, such that the low use of manner of drinking
(MOD) and stopping/limiting drinking (SLD) categories of PBS was associated with greater
ARI, especially for males with greater inattention symptoms. Across the whole sample, use of
serious harm reduction (SHR) strategies were associated with less severe ARI (Looby et al.,
2021). These studies are limited in generalizability because of majority White, non-Hispanic
samples. Madson and Zeigler (2013) compared White, non-Hispanic and African-American
college students on alcohol use patterns and frequency of use of protective behavior strategies,
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finding that African-American students consumed less alcohol and reported less ARI than their
White, non-Hispanic peers. The African American students also employed more
limiting/stopping drinking and manner of drinking protective strategies than their White nonHispanic peers. Overall, the increased use of PBS was associated with lower alcohol
consumption, less harmful alcohol use, and fewer alcohol-related problems.
Taken together, these findings show that protective behavioral strategies can help reduce
problematic alcohol use and ARI in diverse college students, with and without ADHD symptom
histories. However, college students with elevated ADHD symptomatology may need additional
external reinforcement to employ PBS targeting stopping/limiting alcohol use and manner of
drinking tactics to reduce risky alcohol use practices and adverse outcomes. For example,
students with ADHD may be reminded to set an alarm for when to stop drinking, or they may
need a friend to remind them of protective strategies during a drinking occasion. For our sample,
there may be external protective factors such as parental monitoring or living off-campus, which
encourage protective behavior strategies around alcohol use (such as stopping drinking at certain
times or avoiding more risky drinking behaviors), particularly for students with greater trait
impulsivity and/or elevated symptoms of ADHD.
Family and Culturally-Based Protective Factors
This study’s sample of racially, ethnically and socioeconomically diverse commuter
college students may possess unique protective factors that mitigate familial and environmental
risk. Notably, there were no significant differences between groups on family history of
drug/alcohol problems or family history of suicide. This is an interesting characteristic of the
sample for several reasons, as it may explain the elevated impulsivity scores in the control
groups, as well as the preference for immediate over delayed rewards observed in the control
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groups’ performance on the TDT. Second, given that the High ADHD/Low AUD risk (2) group
evidenced similarly elevated impulsivity as the Comorbid group, it suggests that there are
protective factors which may distinguish the High ADHD/Low AUD risk group (2) from the
Comorbid group (4) in terms of risky alcohol use patterns.
Cultural, legal, and environmental circumstances likely contribute to the lower rates of
alcohol use in our sample compared to other college students with similar familial and impulsive
personality risk. Cultural or religious factors may have a strong impact on attitudes surrounding
alcohol. A majority of our sample identified with a religious group and indicated that their faith
is important in their daily lives (Baig, 2020). Religious beliefs about psychoactive substance use
may explain why more than half of the low AUD risk groups (1, 2) had never had a full drink of
alcohol.
Given that the legal drinking age in the United States is 21 and the majority of our sample
fell in the 18-19 year age range, participants may have limited opportunities to obtain alcohol
under the age of 21 while living at home with family, as was the most common living
arrangement in this sample. This may reduce opportunities for impromptu social gatherings
where alcohol is available. Additionally, differences in age between Group 2 and Group 4 may
help explain how students with similar familial and individual risk for alcohol and substance use
problems can have such different presentations in their behavior around these substances. It
could be that being younger and thus not of legal drinking age is a protective factor for those in
Group 2. Rooney et al.’s (2012) study comparing alcohol and substance use behaviors in college
students with and without ADHD also found that age was significantly associated with the
alcohol and substance use variables in their sample, such that with increasing age, greater use
was reported.
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Living arrangement may also be an environmental protective factor. For underage
students who commute to campus from homes they share with their parents, there may be
significantly fewer opportunities to consume alcohol regularly. A 2004 study based on a subsample of individuals who completed the National Epidemiologic Survey on Alcohol and
Related Conditions (NESARC), compared drinking habits of college and non-college individuals
aged 18-29 (Dawson et al., 2004). College students who lived at home with their parents were
significantly less likely to report heavy episodic drinking in the past year when compared to
those living on campus and students living independently off-campus.
In comparison to students living on campus, those living off-campus (but not with their
families) did not have a significant reduction in likelihood to engage in drinking behaviors.
However, the students who lived at home with their parents were 30 to 50% less likely to report
any drinking, any heavy episodic drinking, any heavy episodic drinking more than once a month,
or more than once a week (Dawson et al., 2004). Importantly, the environmental influence on
drinking behaviors was most significant for female students living on campus, compared to
males. The authors reported that when comparing young adults who were not living with their
parents, the women in college reported greater rates of heavy episodic drinking than non-college
women, and that this difference was greater for women than that observed in college and noncollege men (Dawson et al., 2004). This may be particularly relevant for the current sample,
which is 74.1% female-identified sex at birth.
Living at home with parents while commuting to college may also be a protective factor
because of an increased likelihood of parental monitoring. Molina and colleagues (2012)
explored childhood ADHD as a predictor of frequency of alcohol use at age 17 using PALS
study data. Childhood ADHD did not directly predict alcohol use frequency in adolescence.
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However, parental monitoring (such as knowledge of friends, activities and whereabouts)
emerged as a moderator of the association so that childhood ADHD was predictive of frequency
of alcohol use in adolescence when parental knowledge fell below median levels for the overall
sample (Molina et al., 2012). Given that the majority of students in our sample lived at home
with their families, differences in parental monitoring may help explain low rates of alcohol use
in students otherwise at risk for an AUD due to elevated levels of impulsivity and/or a significant
family history of alcohol use problems (LaBrie et al., 2010).
In summary, we observed, in our sample, that positive urgency was a significant predictor
of past year ARI severity across ADHD and AUD risk status, such that those with high levels of
difficulty inhibiting impulsive behaviors when in a positive mood reported greater past year ARI
severity. The clinical implications of this association present an opportunity for implementation
of prevention strategies tailored to address the role of impulsivity in college students’ alcohol
use. Protective behavioral strategies have been associated with lower alcohol consumption and
fewer alcohol-related problems in college samples with and without ADHD, suggesting that
campus-wide psychoeducation would benefit all students. PBS may be particularly important for
college students to employ during celebratory events, when at greatest risk for hazardous alcohol
use and negative consequences. These college PBS studies surveyed students on their current use
of protective strategies, thus it was not possible to determine whether psychoeducation on the
different types of PBS as an intervention would result in greater reductions in risky alcohol use
for those with existing problematic drinking patterns. In our sample, 78% of participants who
had ever had an alcoholic drink reported their first drink before the age of 18, with nearly 54%
having their first drink between 15 and 18 years of age. This suggests that psychoeducation on
alcohol and substance use, along with harm reduction strategies should be implemented earlier in
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adolescence, well before students enter college. Studies on interventions tailored to at-risk
adolescents in the UK have been shown to reduce escalation of binge drinking (Conrod et al.,
2008), and rates of alcohol and illicit substance use, with effects lasting up to three years (Edalati
& Conrod, 2019). Knowing the harmful neurological and psychological effects of excessive
underage drinking (Zeigler et al., 2005), psychoactive substance use psychoeducation and harm
reduction programs for adolescents is an important public health concern. For college-aged
students, psychoeducation on protective behavior strategies as well as external protective factors
(e.g., living at home with family, parental monitoring) may be significant contributors to the
lower rates of alcohol use observed in our sample, and should be considered for impulsive and/or
otherwise at-risk students entering college.
Strengths & Limitations
The current study boasts a number of strengths: we recruited a diverse sample of 81 fulltime undergraduate students to complete comprehensive assessments of subjective and objective
neuropsychological functioning, a diagnostic interview, comprehensive assessment of alcohol
functioning (TLFB, MINI), and validated screening measures. Our screening measures
accurately identified participants at risk for elevated childhood ADHD and AUD symptoms in
adulthood, and our Part Two group clinical characteristics were consistent with the literature. We
aimed to replicate findings from Rooney et al. (2012) and Pedersen et al., (2016) in a diverse
college sample of students with and without elevated childhood ADHD symptoms, rather than
established ADHD diagnoses, while bolstering self-report measures with clinical interviews and
objective measures of impulsivity. While we did not find that the High ADHD/High AUD risk
group reported greater past year ARI severity than their Low ADHD/High AUD risk peers,
significant differences between groups were observed in the hazardous use subscale of the
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AUDIT. For our second aim, we sought to establish whether subjective and/or objective
impulsivity traits moderated the relation between risk group and past year ARI severity. There
were no significant effects of these global constructs in our sample. However, positive urgency, a
facet of trait impulsivity, emerged as a predictor of past year ARI severity, across all risk groups.
While we did not find any significant effects of negative urgency on ARI severity, our results
were consistent with at least one study of first-year college students and have important
implications for the potential success of campus interventions targeting a broader range of
college students.
Despite these important strengths, there were some limitations to this study. First, we
were unable to enroll our target of 96 participants due to the Covid-19 pandemic halting inperson assessments. We believe that a larger sample, particularly for the Comorbid group, would
have better elucidated differences in alcohol use outcomes between the Low ADHD/High AUD
risk group (3) and the Comorbid group (4), which were trending for some measures and did
emerge as significantly different for others. Another limitation was the absence of recruiting an
informant to provide/corroborate participant ratings of childhood ADHD symptoms. Students
may have over- or under-reported childhood symptoms of ADHD; thus, another informant would
have helped clarify some of the “borderline” childhood ADHD cases in our sample. Third, this
study selected for full-time college students who were fluent in English. This may have excluded
individuals with more impairing symptoms of ADHD who were not fluent in English or who
were only enrolled part-time due to financial or other reasons. Expanding inclusion criteria to
part-time students may have enabled us to recruit more severe persistent ADHD presentations. In
addition, since substance use was not the focus of the study, we did not formally collect
information on the quantity of drug use. For students with elevated childhood symptoms of
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ADHD who do not drink alcohol regularly, they may struggle with illicit substance use
problems. Relatedly, we did not exclusively enroll participants who had ever had a full drink of
alcohol. Perhaps this would have been more appropriate for our study, however, our sample
allowed us to explore potential protective factors for otherwise at-risk students. Lastly, we did
not collect data on quality of life and potential academic difficulties for students that would not
be reflected in their grade point averages (GPAs), such as frequent need for extensions on
assignments and missing homework. These are important considerations for future studies on
college students with ADHD histories and alcohol use patterns and outcomes.

Future Directions
These data identify various avenues for future research. To start, from a public health
perspective, future studies should further explore the sociocultural barriers to mental health
treatment and utilization of related resources, and how these change across a child’s development
and into adolescence and emerging adulthood. Learning more about these obstacles may help
inform future larger scale public health projects aimed at reducing racial disparities in mental
health. Related, future studies on college students with and without ADHD should include
quality of life assessments and more granular questions about the impact of behaviors on not
only academic achievement, but also functioning in the academic environment. For example, the
need for extensions on assignments, requests for extra credit, tutoring service utilization, office
hours attendance (or not), and so on. These data may help to elucidate any differences in
academic impairment between ADHD and non-ADHD groups that may not be captured by GPA
alone. Additionally, for college students who struggle with ADHD symptoms, culturally
conscious on-campus support for students with ADHD should be explored in future studies.
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Hartung and colleagues (2020) recently published findings from their study which implemented
a new organizational, time management and study skills intervention for college students with
ADHD, focusing on skills related to executive function, with positive outcomes in reduction of
inattention symptoms, overall ADHD symptoms, total impairment, and increased utilization of
planning and organizational skills. While these and other evidence-based interventions for
college students with ADHD (Anastopoulos & King, 2015; Anastopoulos et al., 2020) are
promising, for a racially diverse college campus of students largely from immigrant family
backgrounds like those in our study, they may be excluded from these interventions by lack of an
ADHD diagnosis, due to the barriers briefly mentioned above. Thus, such interventions may
benefit from exploring various inclusion criteria, such as accepting student referrals from
instructors, or advertising the intervention as a multi-week workshop for students who struggle
with time management, planning, and organizational skills. Lastly, in terms of those students at
risk for psychoactive substance use disorders, regardless of ADHD diagnosis, exploring whether
psychoeducation on protective behavior strategies affects alcohol-related impairment in a prepost study design or randomized trial would be an important step towards finding ways to reduce
hazardous alcohol use in a vulnerable college population.

Conclusions
This study provides preliminary findings that college students with elevated childhood
symptoms of ADHD and at high risk for an AUD report greater hazardous drinking in adulthood
in comparison to their peers with low childhood ADHD symptoms and comparable rates and
frequencies of alcohol use. Although we did not establish significant differences between high
AUD groups on past year ARI severity, results were trending to the Comorbid group reporting
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greater severity of alcohol problems and significant differences between the two groups for
shown for Hazardous Alcohol Use.
For our secondary aims, we explored whether global objective and subjective impulsivity
were significant moderators of the association between risk group and past year ARI, but these
results were not significant. However, trait impulsivity, particularly positive urgency (and not
negative urgency) emerged as a significant predictor of past year ARI severity across groups,
suggesting that college drinkers with high impulsivity in the context of positive mood states,
were susceptible to experiencing more severe alcohol-related problems.
Future studies exploring the different pathways from childhood ADHD symptoms to
alcohol and substance use in adolescence and young adulthood should investigate how different
facets of impulsivity, such as disinhibition and positive urgency, interact with environmental
influences to affect alcohol use patterns and outcomes. Additional research on protective
behavior strategies is warranted, particularly for adolescents and emerging adults with high
impulsivity and histories of elevated childhood ADHD symptoms.
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